(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



ill 

EP 0 747 069 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
25.09.2002 Bulletin 2002/39 

(21) Application number: 96304018.3 

(22) Date of filing: 04.06.1996 



(51) intci/: A61L 29/00, A61L 31/00, 
A61L 27/00, A61L 33/00 



(54) Implantable medical device 

Implantierbare medizinische Vorrichtung 
Dispositif medical implantable 



(84) Designated Contracting States: 
BEDEDKESFRGBITNL 

(30) Priority: 07.06.1995 US 484532 

(43) Date of publication of application: 
11.12.1996 Bulletin 1996/50 

(73) Proprietors: 

• Cook Incorporated 

Bloomington, Indiana 47404-0489 (US) 

• MED INSTITUTE, INC. 

West Lafayette Indiana 47906 (US) 

(72) Inventors: 

• Fearnot, Neal E. 

West Lafayette, IN 47906 (US) 

• Ragheb, Anthony O. 

West Lafayette, IN 47906 (US) 



CD 

0) 

CO 

o 
o 

LD 



• Kozma, Thomas G. 

West Lafayette, IN 47906 (US) 

• Voorhees, William D. 

West Lafayette, IN 47906 (US) 

• Bates, Brain L. 
Bloomington, IN 47401 (US) 

(74) Representative: Johnston, Kenneth Graham 
c/o Cook (UK) Ltd. 
Patent Department 
Monroe House 

Letchworth Hertfordshire SG6 1LN (GB) 



(56) References cited: 
WO-A-89/11500 
US-A- 5 067 491 
US-A- 5 380 299 



GB-A- 1 307 055 
US-A- 5 344 411 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 747 069 B1 



2 



Description 
Technical Field 

[0001] This invention relates generally to medical de- 5 
vices. 

[0002] It has become common to treat a variety of 
medical conditions by introducing an implantable med- 
ical device partly or completely into the esophagus, tra- 
chea, colon, biliary tract, urinary tract, vascular system 10 
or other location within a human or veterinary patient. 
For example, many treatments of the vascular system 
entail the introduction of a device such as a stent, a cath- 
eter, a balloon, a wire guide, a cannula, or the like. How- 
ever, when such a device is introduced into and manip- 15 
ulated through the vascular system, the blood vessel 
walls can be disturbed or injured. Clot formation or 
thrombosis often results at the injured site, causing ste- 
nosis or occlusion of the blood vessel. Moreover, if the 
medical device is left within the patient for an extended 20 
period of time, thrombus often forms on the device itself, 
again causing stenosis or occlusion. As a result, the pa- 
tient is placed at risk of a variety of complications, in- 
cluding heart attack, pulmonary embolism, and stroke. 
Thus, the use of such a medical device can entail the 25 
risk of precisely the problems that its use was intended 
to ameliorate. 

[0003] Another way in which blood vessels undergo 
stenosis is through disease. Probably the most common 
disease causing stenosis of blood vessels is atheroscle- 30 
rosis. Atherosclerosis is a condition which commonly af- 
fects the coronary arteries, the aorta, the iliofemoral ar- 
teries and the carotid arteries. Atherosclerotic plaques 
of lipids, fibroblasts, and fibrin proliferate and cause ob- 
struction of an artery or arteries. As the obstruction in- 35 
creases, a critical level of stenosis is reached, to the 
point where the flow of blood past the obstruction is in- 
sufficient to meet the metabolic needs of the tissue distal 
to (downstream of) the obstruction. The result is 
ischemia. <o 
[0004] Many medical devices and therapeutic meth- 
ods are known for the treatment of atherosclerotic dis- 
ease. One particularly useful therapy for certain athero- 
sclerotic lesions is percutaneous transluminal angi- 
oplasty (PTA). During PTA, a balloon-tipped catheter is 45 
inserted in a patient's artery, the balloon being deflated. 
The tip of the catheter is advanced to the site of the 
atherosclerotic plaque to be dilated. The balloon is 
placed within or across the stenotic segment of the ar- 
tery, and then inflated. Inflation of the balloon "cracks" 50 
the atherosclerotic plaque and expands the vessel, 
thereby relieving the stenosis, at least in part. 
[0005] While PTA presently enjoys wide use, it suffers 
from two major problems. First, the blood vessel may 
suffer acute occlusion immediately after or within the in- 55 
itial hours after the dilation procedure. Such occlusion 
is referred to as "abrupt closure." Abrupt closure occurs 
in perhaps five percent or so of the cases in which PTA 



is employed, and can result in myocardial infarction and 
death if blood flow is not restored promptly. The primary 
mechanisms of abrupt closures are believed to be elas- 
tic recoil, arterial dissection and/or thrombosis. It has 
been postulated that the delivery of an appropriate 
agent (such as an antithrombic) directly into the arterial 
wall at the time of angioplasty could reduce the inci- 
dence of thrombotic acute closure, but the results of at- 
tempts to do so have been mixed. 
[0006] A second major problem encountered in PTA 
is the re-narrowing of an artery after an initially success- 
ful angioplasty. This re-narrowing is referred to as "res- 
tenosis" and typically occurs within the first six months 
after angioplasty. Restenosis is believed to arise 
through the proliferation and migration of cellular com- 
ponents from the arterial wall, as well as through geo- 
metric changes in the arterial wall referred to as "remod- 
eling." It has similarly been postulated that the delivery 
of appropriate agents directly into the arterial wall could 
interrupt the cellular and/or remodeling events leading 
to restenosis. However, like the attempts to prevent 
thrombotic acute closure, the results of attempts to pre- 
vent restenosis in this manner have been mixed. 
[0007] Non-atherosclerotic vascular stenosis may al- 
so be treated by PTA. For example, Takayasu arteritis 
or neurofibromatosis may cause stenosis by fibrotic 
thickening of the arterial wall. Restenosis of these le- 
sions occurs at a high rate following angioplasty, how- 
ever, due to the fibrotic nature of the diseases. Medical 
therapies to treat or obviate them have been similarly 
disappointing. 

[0008] A device such as an intravascular stent can be 
a useful adjunct to PTA, particularly in the case of either 
acute or threatened closure after angioplasty. The stent 
is placed in the dilated segment of the artery to mechan- 
ically prevent abrupt closure and restenosis. Unfortu- 
nately, even when the implantation of the stent is ac- 
companied by aggressive and precise antiplatelet and 
anticoagulation therapy (typically by systemic adminis- 
tration), the incidence of thrombotic vessel closure or 
other thrombotic complication remains significant, and 
the prevention of restenosis is not as successful as de- 
sired. Furthermore, an undesirable side effect of the 
systemic antiplatelet and anticoagulation therapy is an 
increased incidence of bleeding complications, most of- 
ten at the percutaneous entry site. 
[0009] Other conditions and diseases are treatable 
with stents, catheters, cannulae and other devices in- 
serted into the esophagus, trachea, colon, biliary tract, 
uripary tract and other locations in the body, or with or- 
thopedic devices, implants, or replacements. It would be 
desirable to develop devices and methods for reliably 
delivering suitable agents, drugs or bioactive materials 
directly into a body portion during or following a medical 
procedure, so as to treat or prevent such conditions and 
diseases, for example, to prevent abrupt closure and/or 
restenosis of a body portion such as a passage, lumen 
or blood vessel. As a particular example, it would be de- 
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sirable to have devices and methods which can deliver 
an antithrombic or other medication to the region of a 
blood vessel which has been treated by PTA, or by an- 
other interventional technique such as atherectomy, la- 
ser ablation, or the like. It would also be desirable that 
such devices would deliver their agents over both the 
short term (that is, the initial hours and days after treat- 
ment) and the long term (the weeks and months after 
treatment). It would also be desirable to provide precise 
control over the delivery rate for the agents, drugs or 
bioactive materials, and to limit systemic exposure to 
them. This would be particularly advantageous in ther- 
apies involving the delivery of a chemotherapeutic agent 
to a particular organ or site through an intravenous cath- 
eter (which itself has the advantage of reducing the 
amount of agent needed for successful treatment), by 
preventing stenosis both along the catheter and at the 
catheter tip. A wide variety of other therapies could be 
similarly improved. Of course, it would also be desirable 
to avoid degradation of the agent, drug or bioactive ma- 
terial during its incorporation on or into any such device. 
[0010] GB 1,307,055 discloses a subcutaneous lead 
device comprising an antibacterial fluid reservoir having 
diffusion passages through its wall or coating for ena- 
bling a controlled release of the fluid into the surrounding 
tissues when the percutaneous lead is implanted under 
the skin. The passages are physically punctured or per- 
forated through the coating layer after deposition of the 
coating over the lead device. The subcutaneous lead 
device also comprises an elongated penetrating lead 
having microcavities for receiving ingrowth of surround- 
ing living cells, thereby anchoring and sealing said lead 
device under the skin. Bacterial penetration into the tis- 
sues along the lead surface is therefore prevented, first- 
ly by diffusion of the antibacterial fluid from the reservoir 
into the surrounding tissues during the sealing process, 
then after about several days, by the tissue ingrowth cre- 
ating an effective bacteria! seal. It is necessary at the 
time the seal has occurred, to inject an inert substance 
into the reservoir by means of an hypodermic needle to 
prevent bacterial growth within the reservoir. US- 
5,344,411 discloses an anti-infective coating for a cath- 
eter or other medical device. The coating is a biocom- 
patible non-hydrogel polymer bound to the surface of 
the catheter and is either complexed to an iodine solu- 
tion for a rapid release of the iodine, or matrixed to the 
iodine solution for a sustained release over a period of 
weeks. A single polymeric coating of either complexed 
or matrixed iodine may be used, or alternatively the 
coating of complexed iodine may be deposited over the 
coating of matrixed iodine. A non-iodised polymeric 
coating may be further deposited on a single or com- 
bined coating to provide protection to the underlying 
coating(s) and to further control the release rate of the 
iodine. The solution of biocompatible polymer and io- 
dine is deposited on the catheter with the use of sol- 
vents. 



Summary of the Invention 

[001 1] The foregoing problems are solved and a tech- 
nical advance is achieved in an illustrative vascular stent 

5 or other implantable medical device that provides a con- 
trolled release of at least one bioactive material into the 
vascular or other system, or other location in the body, 
in which a stent or other device is positioned. The bio- 
active material such as an agent(s) or drug(s) applied 

10 to a device or at least to part of a device may be degrad- 
ed during application of a covering layer. Applicants 
have discovered that the degradation of bioactive ma- 
terial(s) applied to such a device may be avoided by cov- 
ering the bioactive material(s) with one or more biocom- 

15 patible materia! or materials such as a porous layer of 
at least one biocompatible polymer that is applied with- 
out the use of solvents, catalysts, heat or other chemi- 
cals or techniques, which would otherwise be likely to 
degrade or damage the bioactive material. Those bio- 

20 compatible polymers may be applied preferably by va- 
por deposition or plasma deposition, and may polymer- 
ize and cure merely upon condensation from the vapor 
phase, or may be photolytically polymerizable and are 
expected to be useful for this purpose. However, it 

25 should be recognized that alternative methods of depo- 
sition, and alternative porous material(s) may be em- 
ployed. 

Bioactive Material 

30 

[0012] It is intended that the term bioactive material 
include any material that is molecularly interactive with 
the fluids, cells, proteins and tissues of an animal includ- 
ing humans to augment the diagnosis, treatment or pre- 

35 vention of any physiologic or pathologic condition and it 
is further intended that this term includes therapeutic 
and diagnostic agents such as, for example, drugs, vac- 
cines, hormones, steroids, proteins, complexing agents, 
salts, chemical compounds, polymers, and the like. 

40 [0013] In a first aspect, then, the present invention is 
directed in its simplest form to an implantable medical 
device comprising a structure adapted for introduction 
into the esophagus, trachea, colon, biliary tract, urinary 
tract, vascular system or other location in a human or 

45 veterinary patient, the structure being composed, of a 
base material; at least one bioactive material on at least 
one part of the structure such as in wells, holes, grooves, 
slots and the like or on the surface of the structure; and 
at least one porous material over the bioactive material 

50 and any bioactive-material-free surface if present, the 
porous material(s) preferably being composed of at 
least one polymer and having a thickness adequate to 
provide a controlled release of the bioactive material(s) 
therethrough. 

55 [001 4] Preferably, when the device is intended for use 
in the vascular system, the bioactive material(s) in the 
at least one layer is heparin or another antiplatelet or 
antithrombotic agent, or dexamethasone, dexametha- 
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sone acetate, dexamethasone sodium phosphate, or 
another dexamethasone derivative or anti-inflammatory 
steroid. Furthermore, a wide range of other bioactive 
materials can be separately or simultaneously em- 
ployed. The materials can be mixed and deposited on 5 
the structure, or can be applied separately but to differ- 
ent parts of the structure. The structure can have only 
one bioactive material thereon if desired. The bioactive 
material can include but not be limited to, the following 
categories of agents: thrombolytics, vasodilators, anti- 
hypertensive agents, antimicrobials or antibiotics, an- 
timitotics, antiproliferatives, antisecretory agents, non- 
steroidal anti-inflammatory drugs, immunosuppressive 
agents, growth factors and growth factor antagonists, 
antitumor and/or chemotherapeutic agents, 
antipolymerases, antiviral agents, photodynamic thera- 
py agents, antibody targeted therapy agents, prodrugs, 
sex hormones, free radical scavengers, antioxidants, bi- 
ologic agents, radiotherapeutic agents, radiopaque 
agents and radiolabeled agents. The major restriction 
is that the bioactive material must be able to withstand 
the coating techniques, for example, the vacuum em- 
ployed during vapor deposition or plasma deposition of 
the at least one porous material, preferably as a layer. 
In other words, the bioactive material must have a rela- 
tively low vapor pressure at the deposition temperature, 
typically, near or at room temperature. 
[0015] The at least one porous layer is preferably 
composed of a polyamide, parylene or a parylene de- 
rivative applied by catalyst-free vapor deposition and is 
conveniently about 5,000 to 250,000 A thick, which is 
adequate to provide a controlled release of the bioactive 
material. "Parylene" is both a generic name for a known 
group of polymers based on p-xylylene and made by va- 
por phase polymerization, and a name for the unsubsti- 
tuted form of the polymer; the latter usage is employed 
herein. More particularly, parylene or a parylene deriv- 
ative is created by first heating p-xylene or a suitable 
derivative at an appropriate temperature (for example, 
at about 950°C) to produce the cyclic dimer di-p-xy- 
lylene (or a derivative thereof). The resultant solid can 
be separated in pure form, and then cracked and pyro- 
lyzed at an appropriate temperature (for example, at 
about 680°C) to produce a monomer vapor of p-xylylene 
(or derivative); the monomer vapor is cooled to a suita- 
ble temperature (for example, below 50°C) and allowed 
to condense on the desired object, for example, on the 
at least one layer of bioactive material. The resultant pol- 
ymer has the repeating structure {CH 2 C 6 H 4 CH2> n , with 
n equal to about 5,000, and a molecular weight in the 
range of 500,000. 

[0016] As indicated, parylene and parylene derivative 
coatings applicable by vapor deposition are known for 
a variety of biomedical uses, and are commercially 
available from or through a variety of sources, including, 
Specialty Coating Systems (1 00 Deposition Drive, Clear 
Lake, Wl 54005), Para Tech Coating, Inc. (35 Argonaut, 
Aliso Viejo, CA 92656) and Advanced Surface Technol- 



ogy, Inc. (9 Linnel Circle, Billerica, MA 01821-3902). 
[001 7] The at least one porous layer can alternatively 
be applied by plasma deposition. Plasma is an ionized 
gas maintained under vacuum and excited by electrical 
energy, typically in the radiofrequency range. Because 
the gas is maintained under vacuum, the plasma depo- 
sition process occurs at or near room temperature. Plas- 
ma can be used to deposit polymers such as polyeth- 
ylene oxide), po!y(ethylene glycol), and polypropylene 
oxide), as well as polymers of silicone, methane, 
tetrafluoroethylene (including TEFLON brand poly- 
mers), tetramethyldisiloxane, and others. 
[001 8] While the foregoing represents some preferred 
embodiments of the present invention, other polymer 
systems may also be employed, e.g., polymers derived 
from photopolymerizeable monomers. Also, other coat- 
ing techniques may be utilized, e.g., dipping, spraying, 
and the like. 

[0019] The device may include two or more layers of 
different bioactive materials atop the structure. Howev- 
er, for the purposes of the present invention, the same 
bioactive material will generally not be positioned on the 
different surfaces of the device within the same layer. In 
other words, each surface of the device structure will 
carry a different bioactive material or materials unless it 
is the outermost layer. These additional layers may be 
placed directly atop one another or can be separated by 
additional porous polymer layers between each of them. 
Additionally, the layers of bioactive materials can com- 
prise a mixture of different bioactive materials. The po- 
rous layers are also preferably composed of parylene 
or a parylene derivative. Advantageously, the two or 
more bioactive materials can have different solubilities, 
and the layer containing the less soluble bioactive ma- 
terial (for example, dexamethasone) is preferably posi- 
tioned above the layer containing the more soluble bio- 
active material (for example, heparin). Unexpectedly, 
this has been found to increase the in vitro release rate 
of some relatively less soluble materials such as dex- 
amethasone, while simultaneously decreasing the re- 
lease rate of some relatively more soluble materials 
such as heparin. 

[0020] While the structure included in the device may 
be configured in a variety of ways, the structure is pref- 
erably configured as a vascular stent composed of a bio- 
compatible metal such as stainless steel, nickel, silver, 
platinum, gold, titanium, tantalum, iridium, tungsten, 
Nitinol, inconel, or the like. An additional substantially 
nonporous coating layer of parylene or a parylene de- 
rivative or other biocompatible polymer of about 50,000 
to 500,000 A thick may be positioned directly atop the 
vascular stent, beneath the at least one layer of bioac- 
tive material. The additional coating layer can merely be 
relatively less porous than the at least one porous layer, 
but preferably is substantially nonporous, that is, suffi- 
ciently nonporous to render the stent essentially imper- 
vious to blood during normal circumstances of use. 
[0021] In a second aspect, the present invention is di- 
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rected to a method of making an implantable medical 
device of the type disclosed above, in which the method 
comprises the steps of: depositing at least one layer of 
a bioactive material on one surface of the structure; and 
depositing at least one porous layer over the at least 
one bioactive material layer and the bioactive-material- 
free surface, the at least one porous layer being com- 
posed of a polymer and being of a thickness adequate 
to provide a controlled release of the bioactive material. 
Conveniently and in a preferred embodiment, the at 
least one porous layer is polymerized from a monomer 
vapor which is free of any solvent or polymerization cat- 
alyst, and cures by itself upon condensation, without any 
additional heating or curing aid (for example, visible or 
ultraviolet light). The at least one layer of the bioactive 
material may be deposited on the one surface of the 
structure by any convenient method such as dipping, 
rolling, brushing, spraying, electrostatic deposition, or 
the like. 

[0022] The device and methods of the present inven- 
tion are useful in a wide variety of locations within a hu- 
man or veterinary patient, such as in the esophagus, tra- 
chea, colon, biliary tract, urinary tract and vascular sys- 
tem, as well as for subdural and orthopedic devices, im- 
plants or replacements. They are particularly advanta- 
geous for reliably delivering suitable bioactive materials 
during or following an intravascular procedure, and find 
particular use in preventing abrupt closure and/or rest- 
enosis of a blood vessel. More particularly, they permit, 
for example, the delivery of an antithrombotic, an an- 
tiplatelet, an anti-inflammatory steroid, or another med- 
ication to the region of a blood vessel which has been 
opened by PTA. Likewise, it allows for the delivery of 
one bioactive material to, for example, the lumen of a 
blood vessel and another bioactive material to the ves- 
sel wall. The use of a porous polymer layer permits the 
release rate of a bioactive material to be carefully con- 
trolled over both the short and long terms. 
[0023] These and other aspects of the present inven- 
tion will be appreciated by those skilled in the art upon 
the reading and understanding of the specification. 

Brief Description of the Drawing 

[0024] A better understanding of the present invention 
will now be had upon reference to the following detailed 
description, when read in conjunction with the accom- 
panying drawing, wherein like reference characters re- 
fer to like parts throughout the several views, and in 
which: 

FIG. 1 is a cross-sectional view of a first preferred 
embodiment of the present invention; 
FIG. 2 is a cross-sectional view of another preferred 
embodiment of the present invention; 
FIG. 3 is a cross-sectional view of yet another pre- 
ferred embodiment of the present invention; 
FIG. 4 is a cross-sectional view of a further pre- 



ferred embodiment of the present invention; 
FIG. 5 is a cross-sectional view of an additional pre- 
ferred embodiment of the present invention; 
FIGs. 6A and 6B are cross-sectional views of an ad- 
5 ditional preferred embodiment of the present inven- 
tion; 

FIG. 7 is a cross-sectional view of an additional pre- 
ferred embodiment of the present invention; 
FIG. 8 is a partial, enlarged top view of FIG. 7; 
10 FIG. 9 is an enlarged, sectional view along lines 9-9 
of FIG. 8; and 

FIGs. 10A-10D are enlarged cross-sectional views 
along lines 10-10 of FIG. 8. 

*5 Detailed Description of the Preferred Embodiments 

[0025] With reference now to FIG. 1, an implantable 
medical device 10 in accordance with the present inven- 
tion is shown and first comprises a structure 12 adapted 

20 for introduction into a human or veterinary patient. 
"Adapted" means that the structure 12 is shaped and 
sized for such introduction. For clarity, only a portion of 
the structure 12 is shown in FIG. 1. 
[0026] By way of example, the structure 12 is cpnfig- 

25 ured as a vascular stent particularly adapted for inser- 
tion into the vascular system of the patient. However, 
this stent structure can be used in other systems and 
sites such as the esophagus, trachea, colon, biliary 
ducts, urethra and ureters, subdural among others. In- 

30 deed, the structure 12 can alternatively be configured 
as any conventional vascular or other medical device, 
and can include any of a variety of conventional stents 
or other adjuncts, such as helical wound strands, perfo- 
rated cylinders, or the like. Moreover, because the prob- 

35 lems addressed by the present invention arise with re- 
spect to those portions of the device actually positioned 
within the patient, the inserted structure 12 need not be 
an entire device, but can merely be that portion of a vas- 
cular or other device which is intended to be introduced 

40 into the patient. Accordingly, the structure 12 can be 
configured as at least one of, or any portion of, a cath- 
eter, a wire guide, a cannula, a stent, a vascular or other 
graft, a cardiac pacemaker lead or lead tip, a cardiac 
defibrillator lead or lead tip, a heart valve, or an ortho- 

45 pedic device, appliance, implant, or replacement. The 
structure 12 can also be configured as a combination of 
portions of any of these. 

[0027] Most preferably, however, the structure 12 is 
configured as a vascular stent such as the commercially 

50 available Gianturco-Roubin FLEX-STENT coronary 
stent from Cook Incorporated, Bloomington, Indiana. 
Such stents are typically about 10 to about 60 mm in 
length and designed to expand to a diameter of about 2 
to about 6 mm when inserted into the vascular system 

55 of the patient. The Gianturco-Roubin stent in particular 
is typically about 12 to about 25 mm in length and de- 
signed to expand to a diameter of about 2 to about 4 
mm when so inserted. 
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[0028] These stent dimensions are, of course, appli- 
cable to exemplary stents employed in the coronary ar- 
teries. Structures such as stents or catheter portions in- 
tended to be employed at other sites in the patient, such 
as in the aorta, esophagus, trachea, colon, biliary tract, 5 
or urinary tract will have different dimensions more suit- 
ed to such use. For example, aortic, esophageal, tra- 
cheal and colonic stents may have diameters up to 
about 25 mm and lengths about 100 mm or longer. 
[0029] The structure 12 is composed of a base mate- 10 
rial 14 suitable for the intended use of the structure 12. 
The base material 14 is preferably biocompatible, al- 
though cytotoxic or other poisonous base materials may 
be employed if they are adequately isolated from the pa- 
tient. Such incompatible materials may be useful in, for * 5 
example, radiation treatments in which a radioactive 
material is positioned by catheter in or close to the spe- 
cific tissues to be treated. Under most circumstances, 
however, the base material 14 of the structure 12 should 
be biocompatible. 20 
[0030] A variety of conventional materials can be em- 
ployed as the base material 14. Some materials may be 
more useful for structures other than the coronary stent 
exemplifying the structure 12. The base material 14 may 
be either elastic or inelastic, depending upon the flexi- 25 
bility or elasticity of the polymer layers to be applied over 
it. The base material may be either biodegradable or 
non-biodegradable, and a variety of biodegradable pol- 
ymers are known. Moreover, some biologic agents have 
sufficient strength to serve as the base material 14 of 30 
some useful structures 12, even if not especially useful 
in the exemplary coronary stent. 
[0031] Accordingly, the base material 14 can Include 
at least one of stainless steel, tantalum, titanium, nitinol, 
gold, platinum, inconel, iridium, silver, tungsten, or an- 35 
other biocompatible metal, or alloys of any of these; car- 
bon or carbon fiber; cellulose acetate, cellulose nitrate, 
silicone, polyethylene teraphthalate, polyurethane, 
polyamide, polyester, polyorthoester, polyanhydride, 
polyether sulfone, polycarbonate, polypropylene, high 40 
molecular weight polyethylene, polytetrafluoroethylene, 
or another biocompatible polymeric material, or mix- 
tures or copolymers of these; polylactic acid, polyglycol- 
ic acid or copolymers thereof, a polyanhydride, polyc- 
aprolactone, polyhydroxybutyrate valerate or another 45 
biodegradable polymer, or mixtures or copolymers of 
these; a protein, an extracellular matrix component, col- 
lagen, fibrin or another biologic agent; or a suitable mix- 
ture of any of these. Stainless steel is particularly useful 
as the base material 1 4 when the structure 1 2 is config- 50 
ured as a vascular stent. 

[0032] Of course, when the structure 1 2 is composed 
of a radiolucent material such as polypropylene, poly- 
ethylene, or others above, a conventional radiopaque 
coating may and preferably should be applied to it. The 55 
radiopaque coating provides a means for identifying the 
location of the structure 12 by X-ray or fluoroscopy dur- 
ing or after its introduction into the patient's vascular 



system. 

[0033] With continued reference to FIG. 1 , the vascu- 
lar device 10 of the present invention next comprises at 
least one layer 18 of a bioactive material positioned on 
one surface of the structure 12. For the purposes of the 
present invention, at least one bioactive material is po- 
sitioned on one surface of the structure 12, and the other 
surface will either contain no bioactive material or one 
or more different bioactive materials. In this manner, one 
or more bioactive materials or drugs may be delivered, 
for example, with a vascular stent, to the blood stream 
from the lumen surface of the stent, and a different treat- 
ment may be delivered on the vessel surface of the 
stent. A vast range of drugs, medicaments and materials 
may be employed as the bioactive material in the layer 
18, so long as the selected material can survive expo- 
sure to the vacuum drawn during vapor deposition or 
plasma deposition. Particularly useful in the practice of 
the present invention are materials which prevent or 
ameliorate abrupt closure and restenosis of blood ves- 
sels previously opened by stenting surgery or other pro- 
cedures. Thrombolytics (which dissolve, break up or dis- 
perse thrombi) and antithrombogenics (which interfere 
with or prevent the formation of thrombi) are especially 
useful bioactive materials when the structure 1 2 is a vas- 
cular stent. Particularly preferred thrombolytics are 
urokinase, streptokinase, and the tissue plasminogen 
activators. Particularly preferred antithrombogenics are 
heparin, hirudin, and the antiplatelets. 
[0034] Urokinase is a plasminogen activating enzyme 
typically obtained from human kidney cell cultures. 
Urokinase catalyzes the conversion of plasminogen into 
the fibrinolytic plasmin, which breaks down fibrin throm- 
bi. 

[0035] Heparin is a mucopolysaccharide anticoagu- 
lant typically obtained from porcine intestinal mucosa or 
bovine lung. Heparin acts as a thrombin inhibitor by 
greatly enhancing the effects of the blood's endogenous 
antithrombin III. Thrombin, a potent enzyme in the co- 
agulation cascade, is key in catalyzing the formation of 
fibrin. Therefore, by inhibiting thrombin, heparin inhibits 
the formation of fibrin thrombi. Alternatively, heparin 
may be covalently bound to the outer layer of structure 
12. Thus, heparin would form the outermost layer of 
structure 12 and would not be readily degraded enzy- 
matically, and would remain active as a thrombin inhib- 
itor. 

[0036] Of course, bioactive materials having other 
functions can also be successfully delivered by the de- 
vice 10 of the present invention. For example, an anti- 
proliferative agent such as methotrexate will inhibit over- 
proliferation of smooth muscle cells and thus inhibit res- 
tenosis of the dilated segment of the blood vessel. The 
antiproliferative is desirably supplied for this purpose 
over a period of about four to six months. Additionally, 
localized delivery of an antiproliferative agent is also 
useful for the treatment of a variety of malignant condi- 
tions characterized by highly vascular growth. In such 
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cases, the device 10 of the present invention could be 
placed in the arterial supply of the tumor to provide a 
means of delivering a relatively high dose of the antipro- 
liferative agent directly to the tumor. 
[0037] A vasodilator such as a calcium channel block- 
er or a nitrate will suppress vasospasm, which is com- 
mon following angioplasty procedures. Vasospasm oc- 
curs as a response to injury of a blood vessel, and the 
tendency toward vasospasm decreases as the vessel 
heals. Accordingly, the vasodilator is desirably supplied 
over a period of about two to three weeks. Of course, 
trauma from angioplasty is not the only vessel injury 
which can cause vasospasm, and the device 10 may be 
introduced into vessels other than the coronary arteries, 
such as the aorta, carotid arteries, renal arteries, iliac 
arteries or peripheral arteries for the prevention of va- 
sospasm in them. 

[0038] A variety of other bioactive materials are par- 
ticularly suitable for use when the structure 12 is config- 
ured as something other than a coronary stent. For ex- 
ample, an anti-cancer chemotherapeutic agent can be 
intended to be delivered by the device 10 to a localized 
tumor. More particularly, the device 10 can be intended 
to be placed in an artery supplying blood to the tumor 
or elsewhere to deliver a relatively high and prolonged 
dose of the agent directly to the tumor, while limiting sys- 
temic exposure and toxicity. The agent may be a cura- 
tive, a pre-operative debulker reducing the size of the 
tumor, or a palliative which eases the symptoms of the 
disease. It should be noted that the bioactive material 
in the present invention is intended to be delivered 
across the device 10, and not by passage from an out- 
side source through any lumen defined in the device 10, 
such as through a catheter employed for conventional 
chemotherapy. The bioactive material of the present in- 
vention may, of course, be intended to be released from 
the device 10 into any lumen defined in the device, or 
to tissue in contact with the device and that the lumen 
may carry some other agent to be delivered through it. 
For example, tamoxifen citrate, Taxol® or derivatives 
thereof Proscar®, Hytrin®, or Eulexin® may be applied 
to the tissue-exposed surface of the device for delivery 
to a tumor located, for example in breast tissue or the 
prostate. 

[0039] Dopamine or a dopamine agonist such as bro- 
mocriptine mesylate or pergolide mesylate is useful for 
the treatment of neurological disorders such as Parkin- 
son's disease. The device 10 could be intended to be 
placed in the vascular supply of the thalamic substantia 
nigra for this purpose, or elsewhere, localizing treatment 
in the thalamus. 

[0040] A wide range of other bioactive materials can 
be delivered by the device 1 0. Accordingly, it is preferred 
that the bioactive material contained in the layer 18 in- 
cludes at least one of heparin, covalent heparin, or an- 
other thrombin inhibitor, hirudin, hirulog, argatroban, D- 
phenylalanyl-L-poly-L-arginyl chloromethyl ketone, or 
another antithrombogenic agent, or mixtures thereof; 



urokinase, streptokinase, a tissue plasminogen activa- 
tor, or another thrombolytic agent, or mixtures thereof; 
a fibrinolytic agent; a vasospasm inhibitor; a calcium 
channel blocker, a nitrate, nitric oxide, a nitric oxide pro- 

5 moter or another vasodilator; Hytrin® or other antihy- 
pertensive agents; an antimicrobial agent or antibiotic; 
aspirin, ticlopidine, a glycoprotein llb/llla inhibitor or an- 
other inhibitor of surface glycoprotein receptors, or an- 
other antiplatelet agent; colchicine or another antimitot- 
ic ic, or another microtubule inhibitor, dimethyl sulfoxide 
(DMSO), a retinoid or another antisecretory agent; cy- 
tochalasin or another actin inhibitor; or a remodelling in- 
hibitor; deoxyribonucleic acid, an antisense nucleotide 
or another agent for molecular genetic intervention; 

15 methotrexate or another antimetabolite or antiprolifera- 
tive agent; tamoxifen citrate, Taxol® or the derivatives 
thereof, or other anti-cancer chemotherapeutic agents; 
dexamethasone, dexamethasone sodium phosphate, 
dexamethasone acetate or another dexamethasone de- 

20 rivative, or another anti-inflammatory steroid or non- 
steroidal antiinflammatory agent; cyclosporin or another 
immunosuppressive agent; trapidal (a PDGF antago- 
nist), angiopeptin (a growth hormone antagonist), ang- 
iogenic a growth factor or an anti-growth factor anti- 

25 body, or another growth factor antagonist; dopamine, 
bromocriptine mesylate, pergolide mesylate or another 
dopamine agonist; 60 Co (5.3 year half life), 192 lr (73.8 
days), 32 P (14.3 days), 111 ln (68 hours), 90 Y (64 
hours), " m Tc (6 hours) or another radiotherapeutic 

30 agent; iodine-containing compounds, barium-contain- 
ing compounds, gold, tantalum, platinum, tungsten or 
another heavy metal functioning as a radiopaque agent; 
a peptide, a protein, an enzyme, an extracellular matrix 
component, a cellular component or another biologic 

35 agent; captopril, enalapril or another angiotensin con- 
verting enzyme (ACE) inhibitor; ascorbic acid, alpha to- 
copherol, superoxide dismutase, deferoxamine, a 
21-aminosteroid (lasaroid) or another free radical scav- 
enger, iron chelator or antioxidant; 

40 a 1 4 C-, 3 H-, 131 l-, 32 P- or 36s-radiolabelled form or other 
radiolabeled form of any of the foregoing; estrogen or 
another sex hormone; AZT or other antipolymerases; 
acyclovir, famciclovir, rimantadine hydrochloride, ganci- 
clovir sodium, Norvir, Crixivan, or other antiviral agents; 

45 5-aminolevulinic acid, meta-tetrahydroxyphenylchlorin, 
hexadecafluoro zinc phthalocyanine, tetramethyl he- 
matoporphyrin, rhodamine 123 or other photodynamic 
therapy agents; an lgG2 Kappa antibody against Pseu- 
domonas aeruginosa exotoxin A and reactive with A431 

50 epidermoid carcinoma cells, monoclonal antibody 
against the noradrenergic enzyme dopamine beta-hy- 
droxylase conjugated to saporin or other antibody tar- 
geted therapy agents; gene therapy agents; and enal- 
april and other prodrugs; proscar®, Hytrin® or other 

55 agents for treating benign prostatic hyperplasia (BHP) 
or a mixture of any of these. 

[0041] In a particularly preferred aspect, the layer of 
bioactive material contains preferably from about 0.1 mg 
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to about 8 mg and more preferably from about 1 mg to 
about 4 mg of the bioactive material per cm 2 of the gross 
surface area of the structure. "Gross surface area" re- 
fers to the area calculated from the gross or overall ex- 
tent of the structure, and not necessarily to the actual 5 
surface area of the particular shape or individual parts 
of the structure. 

[0042] When the structure 12 is configured as a vas- 
cular stent, however, particularly preferred materials for 
the bioactive material of the layer 18 are heparin, anti- w 
inflammatory steroids including but not limited to dex- 
amethasone and its derivatives, and mixtures of heparin 
and such steroids. 

[0043] Still with reference to FIG. 1, the device 10 of 
the present invention also comprises at least one porous * 5 
layer 20 positioned over the layer 18 of bioactive mate- 
rial and the bioactive-material-free surface. The pur- 
pose of the porous layer 20 is to provide a controlled 
release of the bioactive material when the device 10 is 
positioned in the vascular system of a patient. The thick- 20 
ness of the porous layer 20 is chosen so as to provide 
such control. 

[0044] More particularly, the porous layer 20 is com- 
posed of a polymer deposited on the bioactive material 
layer 1 8, preferably by vapor deposition. Plasma depo- 25 
sition may also be useful for this purpose. Preferably, 
the layer 20 is one that is polymerized from a vapor 
which is free of any solvent, catalysts or similar polym- 
erization promoters. Also preferably, the polymer in the 
porous layer 20 is one which automatically polymerizes 30 
upon condensation from the vapor phase, without the 
action of any curative agent or activity such as heating, 
the application of visible or ultraviolet light, radiation, ul- 
trasound, or the like. Most preferably, the polymer in the 
porous layer 20 is polyimide, parylene or a parylene de- 35 
rivative. 

[0045] When first deposited , the parylene or parylene 
derivative is thought to form a network resembling a fi- 
brous mesh, with relatively large pores. As more is de- 
posited, the porous layer 20 not only becomes thicker, <o 
but it is believed that parylene or parylene derivative is 
also deposited in the previously formed pores, making 
the existing pores smaller. Careful and precise control 
over the deposition of the parylene or parylene deriva- 
tive therefore permits close control over the release rate 45 
of material from the at least one layer 18 of bioactive 
material. It is for this reason that the bioactive material 
lies under the at least one porous layer 20, rather than 
being dispersed within or throughout it. The porous layer 
20, however, also protects the bioactive material layer 50 
18 during deployment of the device 10, for example, dur- 
ing insertion of the device 1 0 through a catheter and into 
the vascular system or elsewhere in the patient. 
[0046] As shown in FIG. 1, the device 10 of the 
present invention can further comprise at least one ad- 55 
ditional coating layer 16 positioned between the struc- 
ture 12 and the at least one layer 18 of bioactive mate- 
rial. While the additional coating layer 16 can simply be 



a medical grade primer, the additional coating layer 16 
is preferably composed of the same polymer as the at 
least one porous layer 20. However, the additional coat- 
ing layer 16 is also preferably less porous than the at 
least one porous layer 20, and is more preferably sub- 
stantially nonporous. "Substantially nonporous" means 
that the additional coating layer 16 is sufficiently imper- 
vious to prevent any appreciable interaction between 
the base material 14 of the structure 12 and the blood 
to which the device 10 will be exposed during use. The 
use of an additional coating layer 16 which is substan- 
tially nonporous would permit the use of a toxic or poi- 
sonous base material 14, as mentioned above. Even if 
the base material 14 of the structure 12 is biocompatible, 
however, it may be advantageous to isolate it from the 
blood by use of a substantially nonporous coating layer 
16. 

[0047] Other polymer systems that may find applica- 
tion within the scope of the invention include polymers 
derived from photopolymerizable monomers such as 
liquid monomers preferably having at least two cross 
linkable C-C (Carbon to Carbon) double bonds and be- 
ing a non-gaseous addition polymerizable ethylenically 
unsaturated compound, having a boiling point above 
100°C, at atmospheric pressure, a molecular weight of 
about 100-1500 and being capable of forming high mo- 
lecular weight addition polymers readily. More prefera- 
bly, the monomer is preferably an addition photopolym- 
erizable polyethylenically unsaturated acrylic or meth- 
acrylic acid ester containing two or more acrylate or 
methacrylate groups per molecule or mixtures thereof. 
A few illustrative examples of such multifunctional acr- 
ylates are ethylene glycol diacrylate, ethylene glycol 
dimethacrylate, trimethylopropane triacrylate, trimethy- 
lopropane trimethacrylate, pentaerythritol tetraacrylate 
or pentaerythritol tetramethacrylate, 1 ,6-hexanediol 
dimethacrylate, and diethyleneglycol dimethacrylate. 
[0048] Also useful in some special instances are 
monoacrylates such as n-butyl-acrylate, n-butyl meth- 
acrylate, 2-ethylhexyl acrylate, lauryl-acrylate, and 
2-hydroxy-propyl acrylate. Small quantities of amides of 
(meth)acrylic acid such as N-methylol methacrylamide 
butyl ether are also suitable, N-vinyl compounds such 
as N-vinyl pyrrolidone, vinyl esters of aliphatic monocar- 
boxylic acids such as vinyl oleate, vinyl ethers of diols 
such as butanediol-1, 4-divinyl ether and allyl ether and 
allyl ester are also suitable. Also included would be other 
monomers such as the reaction products of di- or poly- 
epoxides such as butanediol-1, 4-diglycidyl ether or bi- 
sphenol A diglycidyl ether with (meth)acrylic acid. The 
characteristics of the photopolymerizable liquid dispers- 
ing medium can be modified for the specific purpose by 
a suitable selection of monomers or mixtures thereof. 
[0049] Other useful polymer systems include a poly- 
mer that is biocompatible and minimizes irritation to the 
vessel wall when the stent is implanted. The polymer 
may be either a biostable or a bioabsorbable polymer 
depending on the desired rate of release or the desired 
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degree of polymer stability, but a bioabsorbable polymer 
is preferred for this embodiment since, unlike a biostable 
polymer, it will not be present long after implantation to 
cause any adverse, chronic local response. Bioabsorb- 
able polymers that could be used include poly(L-lactic 
acid), polycaprolactone, poly(lactide-co-glycolide), poly 
(hydroxybutyrate), poly(hydroxybutyrate-co-valerate), 
polydioxanone, polyorthoester, polyan hydride, poly(gly- 
colic acid), poly(D,L-lactic acid), poly(glycolic acid-co- 
trimethylene carbonate), polyphosphoester, polyphos- 
phoester urethane, poly(amino acids), cyanoacrylates, 
poly(trimethylene carbonate), poly(iminocarbonate), 
copoly(ether-esters) (e.g., PEO/PLA), polyalkylene 
oxalates, polyphosphazenes and biomolecules such as 
fibrin, fibrinogen, cellulose, starch, collagen and. hy- 
aluronic acid. Also, biostable polymers with a relatively 
low chronic tissue response such as polyurethanes, sil- 
icones, and polyesters could be used and other poly- 
mers could also be used if they can be dissolved and 
cured or polymerized on the stent such as polyolefins, 
polyisobutylene and ethylene-alphaolefin copolymers; 
acrylic polymers and copolymers, vinyl halide polymers 
and copolymers, such as polyvinyl chloride; polyvinyl 
ethers, such as polyvinyl methyl ether; polyvinylidene 
halides, such as polyvinylidene fluoride and polyvinyli- 
dene chloride; polyacrylonitrile, polyvinyl ketones; poly- 
vinyl aromatics, such as polystyrene, polyvinyl esters, 
such as polyvinyl acetate; copolymers of vinyl mono- 
mers with each other and olefins, such as ethylene-me- 
thyl methacrylate copolymers, acrylonitrile-styrene co- 
polymers, ABS resins, and ethylenevinyl acetate copol- 
ymers; polyamides, such as Nylon 66 and polycaprol- 
actam; alkyd resins, polycarbonates; polyoxymeth- 
ylenes; polyimides; polyethers; epoxy resins, poly- 
urethanes; rayon; rayon-triacetate; cellulose, cellulose 
acetate, cellulose butyrate; cellulose acetate butyrate; 
cellophane; cellulose nitrate; cellulose propionate; cel- 
lulose ethers; and carboxymethyl cellulose. 
[0050] While plasma deposition and vapor phase 
deposition may be a preferred method for applying the 
various coatings on the stent surfaces, other techniques 
may be employed. For example, a polymer solution may 
be applied to the stent and the solvent allowed to evap- 
orate, thereby leaving on the stent surface a coating of 
the polymer and the therapeutic substance. Typically, 
the solution can be applied to the stent by either spray- 
ing the solution onto the stent or immersing the stent in 
the solution. Whether one chooses application by im- 
mersion or application by spraying depends principally 
on the viscosity and surface tension of the solution, how- 
ever, it has been found that spraying in a fine spray such 
as that available from an airbrush will provide a coating 
with the greatest uniformity and will provide the greatest 
control over the amount of coating material to be applied 
to the stent. In either a coating applied by spraying or 
by immersion, multiple application steps are generally 
desirable to provide improved coating uniformity and im- 
proved control over the amount of therapeutic sub- 



stance to be applied to the stent. 
[0051] When the layer 18 of bioactive material con- 
tains a relatively soluble material such as heparin, and 
when the at least one porous layer 20 is composed of 

5 parylene or a parylene derivative, the at least one po- 
rous layer 20 is preferably about 5,000 to 250,000 A 
thick, more preferably about 5,000 to 100,000 A thick, 
and optimally about 50,000 A thick. When the at least 
one additional coating layer 16 is composed of parylene 

10 or a parylene derivative, the at least one additional coat- 
ing is preferably about 50,000 to 500,000 A thick, more 
preferably about 100,000 to 500,000 A thick, and opti- 
mally about 200,000 A thick. 

[0052] When the at least one layer 1 8 of bioactive ma- 

15 terial contains a relatively soluble material such as 
heparin, the at least one iayer 18 preferably contains a 
total of about 1 to 4 mg of bioactive material per cm' of 
the gross surface area of the structure 12. This provides 
a release rate for the heparin (measured in vitro) which 

20 is desirably in the range of 0.1 to 0.5 mg/cm 2 per day, 
and preferably about 0.25 mg/cm 2 per day, under typical 
blood flows through vascular stents. It should be noted 
that the solubility of dexamethasone can be adjusted as 
desired, with or without the inclusion of heparin, by mix- 

25 ing it with one or more of its relatively more soluble de- 
rivatives, such as dexamethasone sodium phosphate. 
[0053] As shown in FIG. 2, the device 10 of the 
present invention is not limited to the inclusion of a single 
layer 18 of bioactive material. The device 10 can, for 

30 example, comprise a second layer 22 of a bioactive ma- 
terial positioned over the structure 12. The bioactive ma- 
terial of the second layer 22 can be, but need not nec- 
essarily be, different from the bioactive material of the 
first bioactive material layer 1 8, only that they not be po- 

35 sitioned on the same surface of the device 10 without 
the intermediate porous layer 24. The use of different 
materials in the layers 18 and 22 allows the device 10 
to perform more than a single therapeutic function. 
[0054] The device 1 0 of the present invention can fur- 

<o ther comprise an additional porous layer 24 of the pol- 
ymer positioned between each of the layers 18 and 22 
of bioactive material. It is reiterated that bioactive mate- 
rial 18 is on one surface of structure 12. The other sur- 
face may be free of bioactive material or may comprise 

45 one or more different bioactive materials. The additional 
porous layer 24 can give the bioactive materials in the 
layers 1 8 and 22 different release rates. Simultaneously, 
or alternatively, the device 1 0 may employ bioactive ma- 
terials in the two layers 18 and 22 which are different 

50 from one another and have different solubilities. In such 
a case, it is advantageous and preferred to position the 
layer 22 containing the less soluble bioactive material 
above the layer 1 8 containing the more soluble bioactive 
material. Alternatively, the bioactive material 18 may be 

55 contained in holes, wells, slots and the like occurring 
within the stent surface as illustrated in FIGs. 8-10 and 
will further be discussed in greater detail. 
[0055] For example, when the structure 1 2 of the de- 
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vice 10 is configured as a vascular stent, it is advanta- 
geous for the at least one layer 18 to contain relatively 
soluble heparin, and the second layer 22 to contain rel- 
atively less soluble dexamethasone. Unexpectedly, the 
heparin promotes the release of the dexamethasone, in- 5 
creasing its release rate many times over the release 
rate of dexamethasone in the absence of heparin. The 
release rate of the heparin is also lowered, somewhat 
less dramatically than the increase of the dexametha- 
sone release rate. More particularly, when dexametha- 10 
sone is disposed by itself beneath a porous parylene 
layer 20 dimensioned as disclosed above, its release 
rate is negligible; an adequate release rate is obtained 
only when the thickness of the porous layer 20 is re- 
duced by a factor of ten or more. In contrast, when a 15 
layer 22 of dexamethasone is disposed over a layer 18 
of heparin, and beneath a porous parylene layer 20 di- 
mensioned as above, the dexamethasone may be re- 
leased at a desirable rate of about 1 to 10 u.g/cm 2 per 
day. Moreover, and even more unexpectedly, this in- 20 
creased release rate for the dexamethasone is thought 
to be maintained even after all of the heparin has been 
released from the layer 18. 

[0056] The bioactive material layers 18 and/or 22 are 
applied to the device 10 independent of the application 25 
of the porous polymer layers 20 and/or 24. Any mixing 
of a bioactive material from the layers 18 and/or 22 into 
the porous layers 20 and/or 24, prior to introducing the 
device 10 into the vascular system of the patient, is un- 
intentional and merely incidental. This gives significantly 30 
more control over the release rate of the bioactive ma- 
terial than the simple dispersal of a bioactive material in 
a polymeric layer. 

[0057] The device 10 need not include the additional 
porous layer 24 when two or more layers 18 and 22 of 35 
bioactive material are present. As shown in FIG. 3, the 
layers 18 and 22 do not have, to be separated by a po- 
rous layer, but can instead lie directly against one an- 
other. It is still advantageous in this embodiment to po- 
sition the layer 22 containing the relatively less soluble 40 
bioactive material above the layer 18 containing the rel- 
atively more soluble bioactive material. 
[0058] Whether or not the additional porous layer 24 
is present, it is preferred that the layers 18 and 22 con- 
tain about 0.5 to 2.0 mg of each of heparin and dexam- 45 
ethasone, respectively, per 1 cm 2 of the gross surface 
area of the structure 12. The total amount of bioactive 
material positioned in the layers 18 and 22 over the 
structure 12 is thus preferably in the range of about 1 to 
4 mg/cm 2 . so 
[0059] Some dexamethasone derivatives, such as 
dexamethasone sodium phosphate, are substantially 
more soluble than dexamethasone itself. If a more sol- 
uble dexamethasone derivative is used as the bioactive 
material in the device 10 of the present invention, the 55 
thickness of the at least one porous layer 20 (and of the 
additional porous layer 24) should be adjusted accord- 
ingly. 



[0060] The particular structure of the device 1 0 as dis- 
closed may be adapted to specific uses in a variety of 
ways. For example, the device 10 may include further 
layers of the same or different bioactive materials. 
These additional layers of bioactive material may or may 
not be separated by additional porous layers, as con- 
venient or desired. Alternatively, additional porous lay- 
ers may separate only some of the additional layers of 
bioactive material. Moreover, one bioactive material 
may be placed on one portion of the structure 12 of the 
device 10, and another bioactive material placed on a 
different portion of the structure 12 of the device 10. 
[0061] Alternatively, the device 10 need not include 
the additional coating layer 16 at all. Such a configura- 
tion is shown in FIG. 4, in which the bioactive material 
layer 18 is positioned directly atop the base material 14 
of the structure 12. In such a case, it may be highly ad- 
vantageous to surface process or surface activate the 
base material 14, to promote the deposition or adhesion 
of the bioactive material on the base material 14, espe- 
cially before the depositing of the at least one porous 
layer 20. Surface processing and surface activation can 
also selectively alter the release rate of the bioactive 
material. Such processing can also be used to promote 
the deposition or adhesion of the additional coating layer 
16, if present, on the base material 14. The additional 
coating layer 16 itself, or any second or additional po- 
rous layer 24 itself, can similarly be processed to pro- 
mote the deposition or adhesion of the bioactive mate- 
rial layer 18, or to further control the release rate of the 
bioactive material. 

[0062] Useful methods of surface processing can in- 
clude any of a variety of such procedures, including: 
cleaning; physical modifications such as etching, drill- 
ing, cutting, or abrasion; and chemical modifications 
such as solvent treatment, the application of primer 
coatings, the application of surfactants, plasma treat- 
ment, ion bombardment and covalent bonding. 
[0063] It has been found particularly advantageous to 
plasma treat the additional coating layer 16 (for exam- 
ple, of parylene) before depositing the bioactive material 
layer 18 atop it. The plasma treatment improves the ad- 
hesion of the bioactive material, increases the amount 
of bioactive material that can be deposited, and allows 
the bioactive material to be deposited in a more uniform 
layer. Indeed, it is very difficult to deposit a hygroscopic 
agent such as heparin on an unmodified parylene sur- 
face, which is hydrophobic and poorly wettable. Howev- 
er, plasma treatment renders the parylene surface wet- 
table, allowing heparin to be easily deposited on it. 
[0064] Any of the porous polymer layers 20 and 24 
may also be surface processed by any of the methods 
mentioned above to alter the release rate of the bioac- 
tive material or materials, and/or otherwise improve the 
biocompatibility of the surface of the layers. For exam- 
ple, the application of an overcoat of polyethylene oxide, 
phosphatidylcholine or a covalently bound bioactive ma- 
terial, e.g., covalently attached heparin to the layers 20 
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and/or 24 could render the surface of the layers more 
blood compatible. Similarly, the plasma treatment or ap- 
plication of a hydrogel coating to the layers 20 and/or 
24 could alter their surface energies, preferably provid- 
ing surface energies in the range of 20 to 30 dyne/cm, 5 
thereby rendering their surfaces more biocompatible. 
[0065] Referring now to FIG. 5, an embodiment of the 
device 10 is there shown in which a mechanical bond 
or connector 26 is provided between (a) any one of the 
porous layers 20 and 24, and (b) any or all of the other 10 
of the porous layers 20 and 24, the additional coating 
layer 16 and the base material 14. The connector 26 
reliably secures the layers 16, 20 and/or 24 to each oth- 
er, and or to the base material 14. The connector 26 
lends structural integrity to the device 1 0, particularly af- *5 
ter the bioactive material layer or layers 18 and/or 20 
have been fully released into the patient. 
[0066] For simplicity, the connector 26 is shown in 
FIG. 5 as a plurality of projections of the base material 
1 4 securing a single porous layer 20 to the base material 20 
14. The connector 26 may alternatively extend from the 
porous layer 20, through the bioactive material layer 18, 
and to the base material 14. In either case, a single layer 
18 of bioactive material, divided into several segments 
by the connector 26, is positioned between the porous 25 
layer 20 and the base material 14. The connectors can 
also function to partition the different bioactive agents 
into different regions of the device's surface. 
[0067] The connector 26 may be provided in a variety 
of ways. For example, the connector 26 can be formed 30 
as a single piece with the base material 14 during its 
initial fabrication or molding into the structure 12. The 
connector 26 can instead be formed as a distinct ele- 
ment, such as a bridge, strut, pin or stud added to an 
existing structure 12. The connector 26 can also be 35 
formed as a built-up land, shoulder, plateau, pod or pan 
on the base material 14. Alternatively, a portion of the 
base material 14 between the desired locations of plural 
connectors 26 may be removed by etching, mechanical 
abrasion, or the like, and the bioactive material layer 1 8 *o 
deposited between them. The connector 26 can also be 
formed so as to extend downwards towards the base 
material 14, by wiping or etching away a portion of a 
previously applied bioactive material layer 18, and al- 
lowing the porous layer 20 to deposit by vapor deposi- 45 
tion or plasma deposition directly on the bare portions 
of the base material 14. Other ways to expose a portion 
of the base material 14 to direct connection to the porous 
layer 20 will be evident to those skilled in this area. 
[0068] In another preferred embodiment, as illustrat- 50 
ed in FIGs. 6A, 6B and 7, a bioactive material 18 is po- 
sitioned on the one surface of base material 14 making 
up structure 12 in FIG. 6A. FIG. 7 shows a stent 10 in 
its flat or planar state prior to being coiled and showing 
porous layer 20 applied to its outermost surface. FIGS. 55 
6A and 6B are section views along line 6-6 of FIG. 7. 
The bioactive material 18 positioned on the one surface 
of base material 14 in FIG. 6A may be a number of dif- 



ferent therapeutic and/or diagnostic agents. For exam- 
ple, the device 10 may be a stent which is placed in the 
body of a patient near a tumor to deliver a chemothera- 
peutic agent, such as tamoxifen citrate orTaxol®, direct- 
ly to the tumor. A porous layer 20 is positioned over the 
bioactive material 18 to provide a smoother surface as 
well as a more controlled release of the bioactive mate- 
rial 1 8. As further illustrated in FIG. 6A, the opposite sur- 
face of the device may have, for example, heparin 18' 
covalentiy bonded to porous layer 20, particularly where 
this surface faces, for example, the lumen of a blood 
vessel, to provide antithrombotic effect and blood com- 
patibility. It is pointed out, as has been discussed herein, 
a third but different bioactive material may be positioned 
(not shown) on the opposite surface of base materia! 14 
from the first bioactive material 18 and on the same side 
of base material 14 as the covalentiy bound heparin or 
any other bioactive material including other covalentiy 
bound bioactive materials and separated by porous lay- 
er 20. 

[0069] A variation of the embodiment shown in FIG. 
6A is illustrated in FIG 6B, where two bioactive materials 
18 and 18' are positioned on the same surface of base 
material 14 of structure 12. A porous layer 20 may be 
deposited over the bioactive materials 18 and 18' as well 
as the bioactive-material-free surface of based material 
14. This embodiment illustrates a situation where it may 
be desirable to deliver two agents to the tissue to which 
the particular surface of device 10 is exposed, e.g., an 
antiinflammatory agent and an antiviral agent. Moreo- 
ver, the opposite surface of the device free of bioactive 
material is available for positing one or more bioactive 
materials or therapeutic agents, e.g., an antithrombotic 
agent. 

[0070] As has been previously discussed, multiple 
layers of bioactive materials and porous layers may be 
applied to the device 10 where the limiting factors be- 
come the total thickness of the device, the adhesion of 
multiple layers and the like. 

[0071] In still another embodiment of the present in- 
vention, the device of the present invention includes ap- 
ertures within the device for containing the bioactive ma- 
terial. This embodiment is illustrated in FIGs. 8, 9, 10A, 
10B, 10C and 10D. FIG. 8 shows an arm of the stent of 
FIG. 7 wherein the arm includes holes 28 into which a 
bioactive material is contained. FIG. 9 shows a section 
of the arm of the stent along lines 9-9 of FIG. 8. Bioactive 
material 18 is contained within the hole 28 where the 
base material 14 contains coating 16 and further where 
porous layer 20 forms the outer most layer for the bio- 
active material 18 to difflse through. In an alternative 
embodiment, wells may be cut, etched or stamped into 
the base material 14 of the device in which a bioactive 
material 18 may be contained. This embodiment is illus- 
trated in FIGs. 10A, 10B, 10C and 10D which are sec- 
tional FIGs. taken along line 10-10 of FIG. 8. The wells 
may also be in the form of slots or grooves in the surface 
of the base material 14 of the medical device. This as- 
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pect of the invention provides the advantage of better 
controlling the total amount of the bioactive material 18 
to be released as well as the rate at which it is released. 
For example, a V-shape well, as illustrated in FIG. 10D, 
will contain less quantity of bioactive material 18 and 
release at the material at geometric rate as compared 
to a square shaped well, as illustrated in FIG. 1 0B, which 
will have a more uniform, linear release rate. 
[0072] The holes, wells, slots, grooves and the tike, 
described above, may be formed in the surface of the 
device 10 by a variety of techniques. For example, such 
techniques include drilling or cutting by utilizing lasers, 
electron-beam machining and the like or employing pho- 
toresist procedures and etching the desired apertures. 
[0073] All the bioactive materials discussed above 
that may be coated on the surface of the device 1 0 may 
be used to be contained within the apertures of this as- 
pect of the invention. Likewise, layers of bioactive ma- 
terials and porous layers may be applied and built up on 
the exterior surfaces of the device as described previ- 
ously with regard to other aspects of the invention, e.g., 
heparin, may be covalently bound to one surface of the 
device illustrated in FIG. 9. 

[0074] The method of making the device 1 0 according 
to the present invention may now be understood. In its 
simplest form, the method comprises the steps of de- 
positing the at least one layer 18 of bioactive material 
over the structure 12, followed by depositing the at least 
one porous layer 20, preferably by vapor deposition or 
plasma deposition, over the at least one bioactive ma- 
terial layer 18 on the one surface of structure 12. The at 
least one porous layer 20 being composed of a biocom- 
patible polymer and being of a thickness adequate to 
provide a controlled release of the bioactive material. 
Preferably, the at least one additional coating layer 16 
is first positioned by vapor deposition directly on the 
base material 14 of the structure 12. Such deposition is 
carried out by preparing or obtaining di-p-xylylene or a 
derivative thereof, sublimating and cracking the di-p-xy- 
lylene or derivative to yield monomeric p-xylylene or a 
monomeric derivative, and allowing the monomer to si- 
multaneously condense on and polymerize over the 
base material 14. The deposition step is carried out un- 
der vacuum, and the base material 14 maintained at or 
near room temperature during the deposition step. The 
deposition is carried out in the absence of any solvent 
or catalyst for the polymer, and in the absence of any 
other action to aid polymerization. One preferred deriv- 
ative for carrying out the deposition step is dichloro-di- 
p-xylylene. The parylene or parylene derivative is pref- 
erably applied at the thickness disclosed above, to yield 
a coating layer 16 which is substantially nonporous, but 
in any event less porous than the at least one porous 
layer 20 to be applied. If required by the composition of 
the coating layer 16, the layer 16 is then surface proc- 
essed in an appropriate manner, for example, by plasma 
treatment as disclosed above. 
[0075] The at least one layer 1 8 of the desired bioac- 



tive material or materials is then applied to the one sur- 
face of the structure 12, and in particular, onto the ad- 
ditional coating layer 16. This application step can be 
carried out in any of a variety of convenient ways, such 

5 as by dipping, rolling, brushing or spraying a fluid mix- 
ture of the bioactive material onto the additional coating 
layer 16, or by electrostatic deposition of either a fluid 
mixture or dry powder of the bioactive material, or by 
any other appropriate method. Different bioactive 

10 agents may be applied to different sections or surfaces 
of the device. 

[0076] It can be particularly convenient to apply a mix- 
ture of the bioactive material or materials and a volatile 
fluid over the structure, and then remove the fluid in any 

15 suitable way, for example, by allowing it to evaporate. 
When heparin and/or dexamethasone or its derivatives 
serve as the bioactive material(s), the fluid is preferably 
ethyl alcohol. The bioactive material is preferably ap- 
plied in an amount as disclosed above. 

20 [0077] Other methods of depositing the bioactive ma- 
terial layer 18 over the structure 12 would be equally 
useful. Without regard to the method of application, 
however, what is important is that the bioactive material 
need only be physically held in place until the porous 

25 layer 20 is deposited over it. This can avoid the use of 
carriers, surfactants, chemical binding and other such 
methods often employed to hold a bioactive agent on 
other devices. The additives used in such methods may 
be toxic, or the additives or methods may alter or de- 

30 grade the bioactive agent, rendering it less effective, or 
even toxic itself. Nonetheless, if desired these other 
methods may also be employed to deposit the bioactive 
material layer 18 of the present invention. 
[0078] The bioactive material may, of course, be de- 

35 posited on the one surface of the structure 12 as a 
smooth film or as a layer of particles. Moreover, multiple 
but different bioactive materials may be deposited in a 
manner that different surfaces of the device contain the 
different bioactive agents. In the latter case, the particle 
size may affect the properties or characteristics of the 
device 10, such as the smoothness of the uppermost 
porous coating 20, the profile of the device 10, the sur- 
face area over which the bioactive material layer 18 is 
disposed, the release rate of the bioactive material, the 

45 formation of bumps or irregularities in the bioactive ma- 
terial layer 18, the uniformity and strength of adhesion 
of the bioactive material layer 18, and other properties 
or characteristics. For example, it has been useful to 
employ micronized bioactive materials, that is, materials 

so which have been processed to a small particle size, typ- 
ically less than 10^m in diameter. However, the bioac- 
tive material may also be deposited as microencapsu- 
lated particles, in the form of matrix incorporated mate- 
rial, dispersed in liposomes, adsorbed onto or absorbed 

55 into small carrier particles, or the like. 

[0079] In still another embodiment according to the 
present invention, the bioactive material may be posi- 
tioned on the one surface of structure 12 in a specific 
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geometric pattern or in a discontinued pattern when the 
structure is a stent. For example, the tips or arms of a 
stent may be free of bioactive material, or the bioactive 
material may be applied in parallel lines, particularly 
where two or more bioactive materials are applied to the 5 
same surface. 

[0080] In any event, once the bioactive material layer 
18 is in place, the at least one porous layer 20 is then 
applied over the at least one bioactive material layer 18 
in the same manner as for the application of the at least w 
one additional coating 16. A polymer such as parylene 
or a parylene derivative is applied at the lesser thickness 
disclosed above, however, so as to yield the at least one 
porous layer 20. 

[0081] Any other layers, such as the second bioactive *5 
material layer 22 or the additional porous layer 24, are 
applied in the appropriate order and in the same manner 
as disclosed above. The steps of the method are pref- 
erably carried out with any of the bioactive materials, 
structures, and base materials disclosed above. 20 
[0082] Of course, polyimide may be deposited as any 
or all of the porous and additional coating layers 20, 24 
and/or 1 6 by vapor deposition in a manner similar to that 
disclosed above for parylene and its derivatives. Tech- 
niques for the plasma deposition of polymers such as 25 
poly(ethy!ene oxide), poly(ethylene glycol), polypropyl- 
ene oxide), silicone, or a polymer of methane, tetrafluor- 
oethylene ortetramethyl-disiloxane on other objects are 
well-known, and these techniques may be useful in the 
practice of the present invention. 30 
[0083] Another technique for controlling the release 
of the bioactive material may include depositing mono- 
dispersed polymeric particles, i.e., referred to as poro- 
gens, on the surface of the device 1 0 comprising one or 
more bioactive materials prior to deposition of porous 35 
layer 20. After the porous layer 20 is deposited and 
cured, the porogens may be dissolved away with the ap- 
propriate solvent, leaving a cavity or pore in the outer 
coating to facilitate the passage of the underlying bio- 
active materials. 40 
[0084] The device 10 of the present invention can be 
intended for medically treating a human or veterinary 
patient can now be easily understood as well. This is an 
improvement over previous methods which include the 
step of inserting into a patient an implantable vascular 45 
device 10, the device 10 comprising a structure 12 
adapted for introduction into the vascular system of a 
patient, and the structure 12 being composed of a base 
material 14. The method according to the present inven- 
tion comprises the preliminary steps of depositing at 50 
least one layer 18 of a bioactive material on one surface 
of the structure 12, followed by depositing at least one 
porous layer 20 over the at least one bioactive material 
layer 18, the porous layer 20 being composed of a pol- 
ymer and having a thickness adequate to provide a con- 55 
trolled release of the bioactive material when the device 
10 is positioned in the patient's vascular system. 
[0085] The method can further entail carrying out the 



two depositing steps with the various embodiments of 
the device 10 disclosed above, in accordance with the 
method of making the device 10 disclosed above. More 
particularly, the step of depositing the at least one po- 
rous layer 20 can comprise polymerizing the at least one 
layer 20 from a monomer vapor, preferably a vapor of 
parylene or a parylene derivative, free of any solvent or 
catalyst. The method can also comprise the step of de- 
positing the at least one additional coating layer 16 be- 
tween the structure 12 and the at least one bioactive 
material layer 18. 

[0086] The device 10 according to the present inven- 
tion can be intended for being inserted into the vascular 
system of the patient. The at least one porous layer 20 
and any additional porous layers 24 is intended to au- 
tomatically release the bioactive material or materials in 
a controlled fashion into the patient. 
[0087] In view of the disclosure above, it is clear that 
the present invention provides an implantable medical 
device which achieves precise control over the release 
of one or more bioactive materials contained in the de- 
vice. Moreover, the polyimide, parylene, parylene deriv- 
ative or other polymeric layers 16, 20 and/or 24 can be 
remarkably thin, in comparison to the thicknesses re- 
quired for other polymer layers. The bulk or substantial 
majority of the overall coating on the structure 12 can 
therefore consist of bioactive material. This allows the 
supply of relatively large quantities of bioactive material 
to the patient, much greater than the amounts supplied 
by prior devices. These quantities of bioactive material 
can be supplied to any of a wide variety of locations with- 
in a patient during or after the performance of a medical 
procedure, but are especially useful for preventing 
abrupt closure and/or restenosis of a blood vessel by 
the delivery of an antithrombic or other medication to the 
region of it which has been opened by PTA. The inven- 
tion permits the release rate of a bioactive material to 
be carefully controlled over both the short and long 
terms. Most importantly, any degradation of the bioac- 
tive material which might otherwise occur by other pol- 
ymer coating techniques is avoided. 
[0088] The other details of the construction or compo- 
sition of the various elements of the disclosed embodi- 
ment of the present invention are not believed to be crit- 
ical to the achievement of the advantages of the present 
invention, so long as the elements possess the strength 
or flexibility needed for them to perform as disclosed. 
The selection of these and other details of construction 
are believed to be well within the ability of one of ordinary 
skills in this area, in view of the present disclosure. 

Industrial Applicability 

[0089] The present invention is useful in the perform- 
ance of vascular surgical procedures, and therefore 
finds applicability in human and veterinary medicine. 
[0090] it is also to be understood that the invention is 
directed to embodiments both comprising and consist- 
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ing of the disclosed parts. It is contemplated that only 
part of a device need be coated. Furthermore, different 
parts of the device can be coated with different bioactive 
materials or coating layers. It is also contemplated that 
different sides or regions of the same part of a device 5 
can be coated with different bioactive materials or coat- 
ing layers. 



Claims 10 

1. An implantable medical device (10) comprising a 
structure (12) for introduction into a patient, the 
structure (12) being composed of a base material 
(14); at least one active or bioactive material posi- 15 
tioned on at least one part of the structure (12); and 

a biocompatible porous material(s) positioned over 
the bioactive material (18), characterised in that 
said porous material(s) is formed as at least one po- 
rous layer (20) having a thickness and is bioabsorb- 20 
able in order to enable controlled release of the ac- 
tive or bioactive material. 

2. The device according to claim 1 , wherein each said 
biocompatible porous material(s) is polymerised 25 
from a catalyst-free monomer vapour, and is formed 
over the active or bioactive material and any part of 
the structure surface not covered by said active or 
bioactive material. 

30 

3. The device according to claim 2, wherein the bio- 
compatible porous material is polymeric and select- 
ed from a polyamide, polymers of parylene or de- 
rivatives thereof, polyalkylene oxide, polyalkylene 
glycol, polypropylene oxide, silicone based poly- 35 
mers, polymers of methane, tetrafluoroethylene or 
tetrarnethyldisiloxane or a polymer derived from 
photopolymerisable monomers; and/or the said 
base material (14) of the structure (12) includes at 
least one of: stainless steel, tantalum, titanium, Niti- *o 
nol, gold, platinum, inconel, iridium, silver tungsten, 

or another biocompatible metal, or alloys of any of 
these, carbon or carbon fiber; cellulose acetate, cel- 
lulose nitrate, silicone, polyethylene terephthalate, 
polyurethane, polyamide, polyester, polyorthoester, 45 
polyanhydride, polyether sulfone, polycarbonate, 
polypropylene, high molecular weight polyethylene, 
polytetrafiuoroethylene, or another biocompatible 
polymeric material, or mixtures or copolymers 
thereof, polylactic acid, polyglycolic acid or copoly- 50 
mers thereof, a polyanhydride, polycaprolactone, 
polyhydroxy-butyrate valerate or another biode- 
gradable polymer, or mixtures or copolymers of 
these; a protein, an extracellular matrix component, 
collagen, fibrin or another biologic agent; or a mix- 55 
ture thereof; and/or 

the active or bioactive material includes at least one 
of: heparin, covalent heparin, or another thrombin 



inhibitor, hirudin, hirulog, argatroban, D-phenylala- 
nyl-L-poly-L-arginyl chloromethyl ketone, or anoth- 
er antithrombogenic agent, or mixtures thereof; 
urokinase, streptokinase, a tissue plasminogen ac- 
tivator, or another thrombolytic agent, or mixtures 
thereof; a fibrinolytic agent; a vasospasm inhibitor; 
a calcium channel blocker, a nitrate, nitric oxide, a 
nitric oxide promoter or another vasodilator; an an- 
timicrobial agent or antibiotic; aspirin, ticlopidine, a 
glycoprotein llb/llla inhibitor or another inhibitor of 
surface glycoprotein receptors, or another an- 
tiplatelet agent; colchicine or another antimitotic, or 
another microtubule inhibitor, dimethyl sulfoxide 
(DMSO), a retinoid or another antisecretory agent; 
cytochalasin or another actin inhibitor; or a remod- 
eling inhibitor; deoxyribonucleic acid, an antisense 
nucleotide or another agent for molecular genetic 
intervention; methotrexate or another antimetabo- 
lite or antiproliferative agent; tamoxifen citrate, Tax- 
ol® or derivatives thereof, or other anti-cancer 
chemotherapeutic agents; dexamethasone, dex- 
amethasone sodium phosphate, dexamethasone 
acetate or another dexamethasone derivative, or 
another anti-inflammatory steroid or non-steroidal 
anti-inflammatory agent; cyclosporin or an other an- 
ti-inflammatory steroid or non-steroidal anti-inflam- 
matory agent; cyclosporin or another immunosup- 
pressive agent; trapidal (a PDGF antagonist), ang- 
iogenic angiopeptin (a growth hormone antago- 
nist), a growth factor or an anti-growth factor anti- 
body, or another growth factor antagonist; 
dopamine, bromocriptine mesylate, pergolide me- 
sylate or another dopamine 
agonist; *>CO, 192 lr, 32 P, 111 | n , soy, 9&y c or another 
radiotherapeutic agent; iodine-containing com- 
pounds, barium-containing compounds, gold, tan- 
talum, platinum, tungsten or another heavy metal 
functioning as a radiopaque agent; a peptide, a pro- 
tein, an enzyme, an extracellular matrix component, 
a cellular component or another biologic agent; cap- 
topril, enalapril or another angiotensin converting 
enzyme (ACE) inhibitor; ascorbic acid, alpha toco- 
pherol, superoxide dismutase, deferoxamine, a 
21-amino steroid (lasaroid) or another free radical 
scavenger, iron chelator or antioxidant; 
a 14 C-, 3 H-, 131 l, 32 P or 36 S-radiolabelled form or 
other radiola belled form of any of the foregoing; es- 
trogen or another sex hormone; AZT or other 
antipolymerases; acyclovir, famciclovir, rimanta- 
dine hydrochloride, ganciclovir sodium or other an- 
tiviral agents; 5-aminolevulinic acid, meta-tetrahy- 
droxyphenylchlorin, hexadecafluoro zinc phthalo- 
cyanine, tetramethyl hematoporphyrin, rhodamine 
1 23 or other photodynamic therapy agents; an lgG2 
Kappa antibody against Pseudomonas aeruginosa 
exotoxin A and reactive with A431 epidermoid car- 
cinoma cells, monoclonal antibody against the no- 
radrenergic enzyme dopamine beta-hydroxylase 
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conjugated to saporin or other antibody targeted 
therapy agents; gene therapy agents; and enalapril 
and other prodrugs, or a mixture of any of these. 

4. The device ( 1 0) according to claim 1 , 2 or 3, wherein 5 
the thickness of the at least one porous layer (20) 

is about 5,000 to about 250,000 A, and the active 
or bioactive material(s) are for example, present in 
about 1 to 4 mg per cm 2 . 

w 

5. The device according to claim 1 , 2, 3 or 4 further 
comprising at least one additional coating layer, for 
example a less or substantially non-porous polymer 
layer (16) between the structure (12) and the at 
least one active or bioactive material layer (18). 15 

6. The device (10) according to claim 5, wherein the 
polymer of the said additional coating layer is se- 
lected from polyamide, polymers of parylene or de- 
rivatives thereof, or a polymer derived from pho- 20 
topolymerisable monomers of bisphenol A diglyci- 

dyl ether and acrylic acid or methacrylic acid, and 
the at least one additional coating layer (1 6) is about 
50,000 to 500,000 A thick. 

25 

7. The device (10) according to claim 1, wherein the 
structure (12) is biocompatible and is configured as 
at least one of a stent, a vascular or other graft, a 
vascular or other graft in combination with a stent, 
heart valve, an orthopaedic device, appliance, im- 30 
plant or replacement, or portion thereof; or a portion 

of any of these. 

8. A device according to claim 1 , wherein different ac- 
tive or bioactive materials are positioned at different 35 
locations on one surface or side of the structure, 
and are formed either directly on or in the structure, 

or partly on or in the structure at one location and 
partly on the porous layer, at another location. 

40 

9. A device according to claim 8, wherein a third or 
different active or bioactive material is positioned on 
or in another side of the structure, wherein the po- 
rous layer is positioned over the said third or differ- 
ent material and is also positioned over one of the 45 
active or bioactive materials on the said one side of 

the structure, and wherein another active or bioac- 
tive material, for example covalent heparin, is bond- 
ed to the outer surface of the porous layer. 

50 

10. The device (10) according to anyone preceding 
claim, wherein the active or bioactive material(s) 
(18) is/are positioned on said one part of the outer 
surface of structure (12) in a geometric pattern or 

in a discontinuous geometric pattern when the 55 
structure is a stent, or in a pattern of parallel lines 
but not on the tips of the stent, or are positioned on 
or in adjacent parts of the same outer surface of the 



structure (12). 

11. The device (10) according to anyone preceding 
claim, further comprising a connector (26) securing 
the at least one porous layer (20) to the base ma- 
terial (14) of the structure (12). 

12. The device according to claim 9,10 or 11, wherein 
the structure, for example a stent is surface coated 
with a substantially non-porous coating layer having 
a thickness of about 50,000 A to about 500,000 A 
wherein the coating layer comprises a polymer se- 
lected from polyamide, a polymer derived from 
parylene or derivatives thereof, polyalkylene ox- 
ides, polyalkylene glycols, silicon based polymers, 
polymers derived from methane, tetrafiuoro-ethyl- 
ene, tetramethyldisiloxane, or polymers derived 
from photopolymerisable monomers or mixtures of 
such polymers or copolymers thereof. 

13. The device according to claim 8 or 9, wherein mul- 
tiple layers comprise stent surfaces, such layers 
comprising alternating porous layers and at least 
one bioactive material layer and wherein different 
bioactive materials are positioned on the different 
surfaces of the stent structure with the proviso that 
the same bioactive material is not positioned on the 
different surfaces of the stent structure within the 
same layer and that a porous layer is positioned 
over each bioactive material layer and the outer- 
most layer may comprise either a porous layer or a 
bioactive material layer. 

14. A method of making the device according to anyone 
preceding claim wherein the active or bioactive ma- 
terial (18) layer is positioned by a process of vapor 
phase deposition, plasma deposition, chemically 
binding to the surface of the device, utilizing sur- 
factants as an adhesion medium, electrode posi- 
tion, or combinations thereof. 

15. The method according to claim 14, wherein the ac- 
tive or bioactive material (18) layer has been ap- 
plied by vapor phase deposition, plasma deposition 
or by chemically binding to the substrate structure 
(12) and the bioactive material (18) is in the form of 
a powder, microencapsulated particles or a matrix 
incorporated material. 

1 6. A method of making the device according to anyone 
of claims 1 to 13, wherein at least one porous layer 
(20) has been formed by sublimating and cracking 
di-p-xylylene or a derivative thereof to yield mono- 
meric p-xylylene or a derivative thereof, and allow- 
ing the monomer so formed to simultaneously con- 
dense and polymerize over the bioactive material 
layer (18), the sublimation and cracking step for ex- 
ample being carried out with dichloro-di-p-xylylene. 
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17. The method according to claim 16, wherein the step 
of depositing the at least one layer (18) of a bioac- 
tive materia! is carried out by applying over the 
structure (12) a mixture of the bioactive material and 

a fluid, and removing the fluid prior to the step of 5 
depositing the at least one porous layer (20). 

1 8. The method according to claim 17, wherein the fluid 
is volatile, and the fluid removing step is carried out 
by allowing the fluid to evaporate from the structure 
(12) and bioactive material before the step of de- 
positing the at least one porous layer (20). 

19. A device according to anyone of claims 1 to 13, 
wherein the base material comprises apertures 
within the outer surface of the base material and the 
active or bioactive material(s) are positioned within 
the apertures, said apertures being in the form of 
holes, slots, grooves, wells or the like, for example 
having etched or stamped sectional shapes of a half 
circle, a letter V or of a truncated square, same or 
different bioactive materials being contained within 
the holes, grooves, slots or wells. 



Patentanspruche 

1. Implantierbare medizinische Vorrichtung (10) mit 
einer Konstruktion (12) zur Einfuhrung in einen Pa- 
tienten, wobei die Konstruktion (12) aus einem Ba- 30 
sismaterial (14), mindestens einem aktiven oder 
bioaktiven Material, das zumindest auf einem Teil 
der Konstruktion (12) angeordnet ist, und (einem) 
biokompatiblen porosen, uber dem bioaktiven Ma- 
terial (18) angeordneten Material(ien), dadurch ge- 35 
kennzeichnet, dass das zumindest eine porose 
Material auf mindestens einer porosen Schicht (20) 
geformt ist, die eine solche Dicke aufweist und 
bioabsorbierbar ist, urn die kontrollierte Freisetzung 
des aktiven oder bioaktiven Materials zu gestatten. *o 

2. Vorrichtung nach Anspruch 1 , worin das zumindest 
eine biokompatible Material jeweils aus einem ka- 
talysatorfreien Monomerdampf polymerisiert ist 
und uber dem aktiven oder bioaktiven Material und 45 
jedem, nicht vom aktiven oder bioaktiven Material 
bedeckten Teil der Konstruktionsoberflache ge- 
formt ist. 

3. Vorrichtung nach Anspruch 2, worin das biokompa- so 
tible porose Material ein Polymer ist und ausge- 
wahlt wurde unter einem Polyamid, Parylenpolyme- 

ren oder deren Derivaten, Polyalkylenoxid, Polyal- 
kylenglykol, Polypropylenoxid, Polymeren auf Sili- 
konbasis, Methanpolymeren, Tetrafluorethylen 55 
oder Tetramethyldisiloxan oder einem von photop- 
olymerisierbaren Monomeren abstammenden Po- 
lymer; und/oder worin das Basismaterial (14) der 



Konstruktion (12) mindestens eine der folgenden 
Komponenten enthalt: Edelstahl, Tantal, Titan, Niti- 
nol, Gold, Platin, Inconel, Iridium, Silberwolfram, 
oder ein anderes biokompatibles Metall, oder Le- 
gierung dieser Metalle, Kohlenstoff oder Kohlen- 
stofffaser; Celluloseacetat, Cellulosenitrat, Silikon, 
Polyethylenterephthalat, Polyurethan, Polyamid, 
Polyester, Polyorthoester, Polyanhydrid, Polyether- 
sulfon, Polycarbonat, Polypropylen, hochmolekula- 
res Polyethylen, Polytetrafluorethylen oder ein an- 
deres biokompatibles polymeres Material, oder Ge- 
mische oder Copolymere daraus, Polymilchsaure, 
Polyglykolsaure oder Copolymere daraus, ein Po- 
lyanhydrid, Polycaprolacton, Polyhydroxy-Butyrat- 
valerat oder ein anderes biologisch abbaubares Po- 
lymer, oder Gemische oder Copolymere daraus; ein 
Protein, eine extrazellulare Matrixkomponente, Kol- 
iagen, Fibrin oder ein anderes biologisches Mittel; 
oder ein Gemisch daraus; und/oder worin das akti- 
ve oder bioaktive Material zumindest eine der fol- 
genden Komponenten enthalt: Heparin, kovalentes 
Heparin, oder ein anderer Thrombinhemmer, Hiru- 
din, Hirulog, Argatroban, D-Phenylalanyl-Lpoly-L- 
arginyl-Chlormethylketon, oder ein anderes anti- 
thrombogenes Mittel, oder Gemische daraus; Uro- 
kinase, Streptokinase, ein Gewebsplasminogenak- 
tivator, oder ein anderes Thrombolytikum, oder Ge- 
mische daraus; ein Fibrinolytikum; ein Gefalispas- 
mus-lnhibitor, ein Kalziumantagonist, ein Nitrat, 
Stickoxid, ein Stickoxid-Promoter oder ein anderer 
Vasodilatator, ein antimikrobielles Mittel oder ein 
Antibiotikum; Acetylsalicylsaure, Ticlopidin, ein Gly- 
koprotein-llb/llla-lnhibitor oder ein anderer Inhibitor 
von Oberflachen-Glykoprotein-Rezeptoren, oder 
ein andere Thrombozytenaggregationshemmer; 
Colchicin oder ein anderes antimitotisches Mittel, 
oder ein anderer Mikrotubuli-lnhibitor, Dimethylsul- 
foxid (DMSO), ein Retinoid oder ein anderes sekre- 
themmendes Mittel; Cytochalasin oder ein anderer 
Actin-lnhibitor; oder ein Remodellierungs-lnhibitor; 
Desoxyribonukleinsaure, ein Antisense-Nucleotid 
oder ein anderes Mittel zur molekularen geneti- 
schen Intervention; Methotrexat oder ein anderer 
Antimetabolit oder ein proliferationshemmendes 
Mittel; Tamoxifen-Citrat, Taxol® oder ein Derivat da- 
von, oder andere chemotherapeutische Mittel zur 
Krebsbehandlung; Dexamethason, Dexametha- 
son-Natriumphosphat, Dexamethasonacetat oder 
ein anderes Dexamethason-Derivat, oder ein ande- 
res entzundungshemmendes Steroid oder ein 
nicht-steroidales Antirheumatikum; Cyclosporin 
oder ein anderes entzundungshemmendes Steroid 
oder ein nicht-steroidales Antirheumatikum; Cy- 
closporin oder ein anderes Immunsuppressivum; 
Trapidal (ein PDGF-Antagonist), Angiogenin, An- 
giopeptin (ein Wachstumshormon-Antagonist), ein 
Wachstumsfaktor oder ein Anti-Wachstumsfaktor- 
Antikorper, oder ein anderer Wachstumsfaktor-Ant- 
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agonist; Dopamin, Bromocriptinmesylat, Pergolid- 
mesylat oder ein anderer Dopaminantagonist; 
60CO, 192lr, 32P, 111ln,90Y, 99Tc oder ein anderes 
radiotherapeutisches Mittel; jodhaltige Verbindun- 
gen, bariumhaltige Verbindungen, Gold, Tantal, 5 
Platin, Wolfram oder ein anderes, als rontgendich- 
tes Mittel fungierendes Schwermetall; ein Peptid, 
ein Protein, ein Enzym, eine extrazellulare Matrix- 
komponente, eine zellulare Komponente oder ein 
anderes biologisches Mittel; Captopril, Enalapri! 10 
oder ein anderer ACE-Hemmer; Ascorbinsaure, al- 
pha-Tocopherol, Superoxid-Dismutase, Defe- 
roxamin, ein 21-Amino-Steroid (Lasaroid) oder ein 
anderer freier Radikalfanger, Eisenchelatbildner 
oder Antioxidans; eine 14C-, 3H-, 131I-, 32P-,oder *5 
36S-radioaktiv markierte Form oder eine andere ra- 
dioaktiv markierte Form der vorhergehenden Ver- 
bindungen; Ostrogen oder ein anderes Sexualhor- 
mon; AZT oder andere Antipolymerasen; Acyclovir, 
Famciclovir, Rimantadin-Hydrochlorid, Ganciclo- 20 
vir-Natrium oder andere antivirale Mittel; 4-Amin- 
olevulinsaure, meta-Tetrahydroxyphenylcholin, He- 
xadekafluor-zink-phthalocyanin,Tetramethylhama- 
toporphyrin, Rhodamin 123 oder andere photody- 
namische Therapeutika; ein lgG2-Kappa-Antikor- 25 
per gegen Pseudomonas aeruginosa Exotoxin A 
und reaktiv mit A431 epidermoiden Karzinomzel- 
len, monoklonaler Antikorper gegen das noradren- 
erge Enzym Dopamin-beta-Hydroxylase, konju- 
giert an Saporin, oder andere Antikdrper-Therapeu- 30 
tika; Gentherapeutika; und Enalapri! und andere 
Prodrugs, oder ein Gemisch daraus. 

4. Vorrichtung (10) nach Anspruch 1, 2 oder 3, worin 

die Dicke der zumindest einen porosen Schicht (20) 35 
ca. 5.000 bis ca. 250.000 A betragt und das aktive 
oder bioaktive Material in einer Menge von bei- 
spielsweise ca. 1 bis 4 mg pro cm2 vorliegt. 

5. Vorrichtung nach Anspruch 1,2,3 oder 4, weiterhin 40 
umfassend zumindest eine zusatzliche Oberzugs- 
schicht, beispielsweise eine weniger porose oder 

im wesentlichen nicht porose Schicht (16) zwischen 
der Konstruktion (12) und der zumindest einen 
Schicht (18) aus aktivem oder bioaktivem Material. 

6. Vorrichtung (10) nach Anspruch 5, worin das Poly- 
mer der zusatzlichen Oberzugsschicht ausgewahlt 
ist unter Polyamid, Parylenpolymeren oder deren 
Derivaten, oder einem Polymer von photopolyme- 50 
risierbaren Monomeren von Bisphenol A-Diglycidy- 
lether und Acrylsaure oder Methacrylsaure, und die 
zumindest eine zusatzliche Oberzugsschicht (16) 
eine Dicke von ca. 50.000 bis 500.000 A aufweist. 

55 

7. Vorrichtung (10) nach Anspruch 1, worin die Kon- 
struktion (12) biokompatible ist und als Stent, Ge- 
faR- oder andere Prothese, Gefafc- oder andere 



Prothese in Kombination mit einem Stent, Herz- 
klappe, orthopadische Vorrichtung, Gerat, Implan- 
tat oder Ersatz, oder ein Teil davon; oder ein Teil 
dieser Vorrichtungen, konfiguriert ist. 

8. Vorrichtung nach Anspruch 1 , worin verschiedene 
aktive oder bioaktive Materiaiien an unterschiedli- 
chen Stellen auf einer Oberflache oder Seite der 
Konstruktion angeordnet und entweder direkt auf 
oder in der Konstruktion oder teilweise auf oder in 
der Konstruktion an einer Stelle und teilweise auf 
der porosen Schicht an einer anderen Stelle ge- 
formt sind. 

9. Vorrichtung nach Anspruch 8, worin ein drittes oder 
unterschiedliches aktives oder bioaktives Material 
auf oder in einer anderen Seite der Konstruktion ge- 
formt ist, wobei die porose Schicht iiber dem dritten 
oder unterschiedlichen Material und auch uber ei- 
nem der aktiven oder bioaktiven Materiaiien auf der 
einen Seite der Konstruktion angeordnet ist, und 
worin ein anderes aktives oder bioaktives Material, 
beispielsweise kovalentes Heparin, an die Auften- 
flache der porosen Schicht gebunden ist. 

10. Vorrichtung (10) nach einem der vorhergehenden 
Anspruche, worin das aktive oder bioaktive Material 
bzw. die aktiven oder bioaktiven Materiaiien (18) auf 
dem einen Teil der Aulienflache der Konstruktion 
(12) in einem geometrischen Muster oder in einem 
diskontinuierlichen geometrischen Muster, wenn 
die Konstruktion ein Stent ist, bzw. in einem Muster 
paralleler Linien, aber nicht auf den Spitzen des 
Stents, oder aber auf oder in benachbarten Teilen 
derselben Auftenflache der Konstruktion (12) ange- 
ordnet ist bzw. sind. 

11. Vorrichtung (10) nach einem der vorhergehenden 
Anspruche, weiterhin umfassend einen Konnektor 
(26) fur die Befestigung der zumindest einen poro- 
sen Schicht (20) am Basismaterial (14) der Kon- 
struktion (12). 

12. Vorrichtung nach Anspruch 9, 10 oder 11, worin die 
Konstruktion, beispielsweise ein Stent, auf der 
Oberflache mit einer im wesentlichen nicht porosen 
Oberzugsschicht mit einer Dicke von ca. 50.000 A 
bis ca. 500.000 A beschichtet ist, worin die Ober- 
zugsschicht ein Polymer umfasst, dass ausgewahlt 
wurde unter Polyamid, einem Parylen polymer oder 
Derivaten davon, Polyalkylenoxiden, Polyalkylen- 
glykolen, Polymeren auf Silikonbasis, Methanpoly- 
meren, Tetrafluorethylen oder Tetramethyldisiloxan 
oder von photopolymerisierbaren Monomeren ab- 
stammende Polymere, oder Gemische dieser Poly- 
mere oder Copolymere daraus. 

13. Vorrichtung nach Anspruch 8 oder 9, worin mehrere 
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Schichten Stentflachen umfassen, wobei solche 
Schichten abwechselnde porose Schichten und zu- 
mindest eine bioaktive Materiatschicht umfassen 
und worin verschiedene bioaktive Materialien auf 
den verschiedenen Oberflachen der Stentkonstruk- 5 
tion angeordnet sind, mit der Mafcgabe, dass das- 
selbe bioaktive Material nicht auf verschiedenen 
Oberflachen der Stentkonstruktion innerhalb der- 
selben Schicht angeordnet ist und dass eine porose 
Schicht uber jeder bioaktiven Materialschicht ange- 10 
ordnet ist und die aulierste Schicht entweder eine 
porose Schicht oder eine bioaktive Materialschicht 
enthalten kann. 

14. Methode zur Herstellung der Vorrichtung nach ei- 15 
nem der vorhergehenden Anspruche, worin die ak- 
tive oder bioaktive Materialschicht (18) mit einem 
Verfahren der Dampfphasenabscheidung, der 
Plasmaabscheidung, der chemischen Bindung an 

die Oberflache der Vorrichtung, der Verwendung 20 
von oberflachenaktiven Mitteln als Adhasionsmedi- 
um, der Elektrodenpositionierung oder einer Kom- 
bination daraus angeordnet wird. 

15. Verfahren nach Anspruch 14, worin die aktive oder 25 
bioaktive Materialschicht (18) durch Dampfphasen- 
abscheidung, Plasmaabscheidung oder chemi- 
schen Bindung an die als Substrat dienende Kon- 
struktion (12) aufgebracht wurde und das bioaktive 
Material (18) in Form eines Pulvers, von mikrover- 30 
kapselten Teilchen oder einem Matrixmaterial vor- 
liegt. 

16. Methode zur Herstellung der Vorrichtung nach ei- 
nem der Anspruche 1 bis 13, worin zumindest eine 35 
porose Schicht (20) durch Sublimation und Cracken 
von di-p-Xylylen oder einem Derivat davon zur Bil- 
dung von monomerem p-Xylylen oder einem Deri- 
vat davon, und gleichzeitige Kondensation und Po- 
lymerisation des so gebildeten Monomers uber der *o 
bioaktiven Materialschicht (18) geformt wurde, wo- 
bei der Sublimations- und Cracking-Schritt bei- 
spielsweise mit Dichlor-di-p-Xylyien durchgefuhrt 
wird. 

45 

17. Methode nach Anspruch 16, worin der Schritt des 
Abscheidens der zumindest einen Schicht (18) aus 
bioaktivem Material durch Aufbringen eines Ge- 
mischs aus dem bioaktiven Material und einer Flus- 
sigkeit uber der Konstruktion ( 12) und Entfernen der 50 
Flussigke it vor dem Schritt des Abscheidens der zu- 
mindest einen porosen Schicht (20) durchgefuhrt 
wird. 

18. Methode nach Anspruch 17, worin die Flussigkeit 55 
fluchtig ist und der Schritt des Entfernens der Flus- 
sigkeit durch Verdunstung der Flussigkeit aus der 
Konstruktion (12) und dem bioaktiven Material vor 



dem Schritt des Abscheidens der zumindest einen 
porosen Schicht (20) durchgefuhrt wird. 

19. Vorrichtung nach einem der Anspruche 1 bis 13, 
worin das Basismaterial Offnungen in der AuBen- 
flache des Basismaterials aufweist und das aktive 
oder bioaktive Material bzw. die aktiven oder bioak- 
tiven Materialien in diesen Offnungen angeordnet 
ist bzw. sind, wobei die Offnungen in Form von L6- 
chem, Schlitzen, Rillen, Vertiefungen oder derglei- 
chen vorliegen, beispielsweise mit geatzten oder 
gepragten Abschnittsformen eines Halbkreises, ei- 
nes V oder eines abgeschnittenen Quadrats, wobei 
gleiche oder unterschiedliche bioaktive Materialien 
in den Lochern, Rillen, Schlitzen oder Vertiefungen 
enthalten sind. 



Revendications 

1. Dispositif medical implantable (10) comprenant une 
structure (12) en vue d'une introduction dans un pa- 
tient, la structure (12) comprenant un materiau de 
base (14); au moins un materiau actif ou bioactif 
place sur au moins une partie de la structure (12); 
et un(des) materiau(x) biocompatible(s) poreux pla- 
ce(s) sur le materiau bioactif (18), caracterise en 
ce que le(s)dit(s) materiau(x) poreux est (sont) mis 
en forme sous forme d'au moins une couche poreu- 
se (20) presentant une epaisseur et est(sont) bioab- 
sorbable(s) dans le but de permettre une liberation 
controlee du materiau actif ou bioactif. 

2. Dispositif suivant la revendication 1, dans lequel 
chacun dudit(desdits) materiau(x) biocompatible(s) 
poreux est polymerise a partir d'une vapeur de mo- 
nomere exempte de catalyseur, et est mis en forme 
sur le materiau actif ou bioactif et une quelconque 
partie de la surface de la structure non couverte par 
ledit materiau actif ou bioactif. 

3. Dispositif suivant la revendication 2, dans lequel le 
materiau poreux biocompatible est de type polyme- 
re et est selectionne parmi un polyamide, des poly- 
meres de parylene ou des derives de celui-ci, du 
poly(oxyde d'alkylene), du polyalkyleneglycol, du 
poly(oxyde de propylene), des polymeres a base de 
silicium, des polymeres de methane, du tetrafluoro- 
ethylene ou du tetramethyldisiloxane ou un polyme- 
re derive de monomeres photopolymerisables ; et/ 
ou 

ledit materiau de base (14) de la structure (12) com- 
prend au moins un parmi : de racier inoxydable, du 
tantale, du titane, du Nitinol, de Tor, du platine, de 
Tinconel, de Tiridium, de Pargent, du tungstene ou 
un autre metal biocompatible, ou des alliages quel- 
conques parmi ceux-ci, du carbone ou de la fibre 
de carbone ; de I'acetate de cellulose, du nitrate de 
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cellulose, une silicone, du polyethyleneterephtalate 
du polyurethane, du polyamide, du polyester, du po- 
lyorthoester, du polyanhydride, de la polyethersul- 
fone, du polycarbonate, du polypropylene, du poly- 
ethylene de haut poids moleculaire, du polytetra- 5 
fluoroSthylene ou un autre materiau polymere bio- 
compatible, ou des melanges ou des copolymeres 
de ceux-ci, du poly(acide lactique), du poly(acide 
glycolique) ou des copolymeres de ceux-ci, un po- 
lyanhydride, de la polycaprolactone, du polyhy- 10 
droxybutyrate valerate ou un autre polymere biode- 
gradable, ou des melanges ou des copolymeres de 
ceux-ci ; une proline, un composant de matrice ex- 
tracellulaire, du collag^ne, de la fibrine ou un autre 
agent biologique ; ou un melange de ceux-ci ; et/ou 15 
le materiau actif ou bioactif comprend au moins un 
parmi : de I'heparine, de i'heparine covalente, ou un 
autre inhibiteur de la thrombine, de I'hirudine, de 
I'hirulog, de I'argatroban, de la D-phenylalanyl-L- 
poly-L-arginylchloromethylcetone, ou un autre 20 
agent antithrombogene, ou des melanges de ceux- 
ci ; de I'urokinase, de la streptokinase, un activateur 
tissulaire du plasminogene, ou un autre agent 
thrombolytique, ou des melanges de ceux-ci ; un 
agent fibrinolytique ; un inhibiteur de vasospasme; 25 
un agent bloquant les canaux calciques, un nitrate, 
de I'oxyde nitrique, un agent generant de I'oxyde ni- 
trique ou un autre vasodilatateur; un agent antimi- 
crobien ou un antibiotique; de I'aspirine, de la ticlo- 
pidine, un inhibiteur de la glycoproteine llb/HIa ou 30 
un autre inhibiteur de recepteurs glycoproteiques 
de surface ou un autre agent antiagregant plaquet- 
taire; de la colchicine ou un autre anti-mitotique, ou 
un autre inhibiteur des microtubules, du dimethyl- 
sulfoxyde (DMSO), un retinoide ou un autre agent 35 4. 
anti-secretion; de la cytochalasine ou un autre inhi- 
biteur de I'actine; ou un inhibiteur de remodelage; 
un acide desoxyribonucleique, un nucleotide anti- 
sens ou un autre agent pour une intervention de ty- 
pe genie genetique; du methotrexate ou un autre *o 
antimetabolite ou agent anti-proliferation; du citrate 
de tamoxifene, du Taxol® ou des derives de celui- 5. 
ci, ou d'autres agents chimiotherapeutiques anti- 
cancer; de la dexamethasone, du phosphate de 
dexamethasone sodique, de I'acetate de dexam6- 45 
thasone ou un autre deriv6 de dexamethasone, ou 
un autre steroide anti-infiammatoire ou un agent 
anti-inflammatoire non steroidien; de la cyclospori- 
ne ou un autre agent immunosuppresseur; du tra- 6. 
pidal (un antagoniste du PDGF), de I'angiogenine, so 
de I'angiopeptine (un antagoniste de 1'hormone de 
croissance), un facteur de croissance ou un anti- 
corps contre le facteur de croissance, ou un autre 
antagoniste du facteur de croissance; de la dopa- 
mine, du mesylate de bromocriptine, du mesylate 55 
de pergolide, ou un autre agoniste de la dopamine; 
du 60 Co, du 192 lr, du 32 P, du 111 ln, du 90 Y, du "Tc, 
ou un autre agent radiotherapeutique; des compo- 



ses contenant de I'iode, des composes contenant 
du baryum, de Tor, du tantale, du platine, du tungs- 
tene ou un autre metal lourd agissant comme agent 
radio-opaque; un peptide, une proteine, une enzy- 
me, un composant de matrice extracellulaire, un 
composant cellulaire ou un autre agent biologique; 
du captopril, de I'enalapril ou un autre inhibiteur de 
I'enzyme de conversion de I'angiotensine (ACE); de 
I'acide ascorbique, de I'alpha tocopherol, de la su- 
peroxyde dismutase, de la deferoxamine, un 
21 -aminosteroide (lasaroTde) ou un autre agent pie- 
geant les radicaux libres, un chelateur de fer ou un 
agent anti-oxydant; une forme radiomarquee 
au 14 C, au 3 H, au 131 1, au 32 P ou au 36 S ou une 
autre forme radiomarquee d'un quelconque des 
agents precedents; un oestrogene ou une autre 
hormone sexuelle; de I'AZT ou d'autres anti-poly- 
merases; de I'acyclovir, du famciclovir, du chlorhy- 
drate de rimantadine, du ganciclovir de sodium ou 
d'autres agents antiviraux; de I'acide 5-aminolevu- 
linique, de la metatetrahydroxyphenylchlorine, de 
I'hexadecafluorozinc de phtalocyanine, de la tetra- 
mSthylhematoporphyrine, de ia rhodamine 123 ou 
d'autres agents de therapie photodynamique; un 
anticorps lgG2 Kappa contre I'exotoxine Ade Pseu- 
domonas aeruginosa et reagissant contre des cel- 
lules de carcinome epidermoide A431 , un anticorps 
monoclonal contre I'enzyme noradrenergique, la 
dopamine beta-hydroxylase conjuguee a de la sa- 
porine ou d'autres agents therapeutiques a ciblage 
par anticorps; des agents de therapie genique; et 
de I'enalapril et d'autres pro-medicaments; ou un 
melange d'un quelconque de ceux-ci. 

Dispositif (10) suivant la revendication 1, 2 ou 3, 
dans lequet I'epaisseur de la au moins une couche 
poreuse (20) est d'environ 5 000 a environ 250 000 
A, et le(s) materiau(x) actif(s) ou bioactif(s) est 
(sont) par exemple, present(s) en une quantite d'en- 
viron 1 a 4 mg par cm 2 . 

Dispositif suivant ia revendication 1 , 2, 3 ou 4, com- 
prenant en outre au moins une couche supplemen- 
taire de revetement, par exemple, une couche po- 
lymere moins ou substantiellement non poreuse 
(16) entre la structure (12) et la au moins une cou- 
che de materiau actif ou bioactif (18). 

Dispositif (10) suivant la revendication 5, dans le- 
quel le polymere de ladite couche supplemental 
de revetement est s§lectionne parmi du polyamide, 
des polymeres de parylene ou des derives de celui- 
ci, ou un polymere deriv6 de monomeres photopo- 
lymerisables de bisph6nol Adiglycidyletheretd'aci- 
de acrylique ou d'acide methacrylique et la au 
moins une couche supplemental de revetement 
(1 6) a une 6paisseur d'environ 50 000 a 500 000 A. 
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7. Dispositif (10) suivant la revendication 1, dans le- 
quel la structure (12) est biocompatible et est con- 
figuree sous forme d'au moins un parmi un exten- 
seur, une greffe vasculaire ou autre, une greffe vas- 
culaire ou autre en combinaison avec un extenseur, 5 
une valvule cardiaque, un dispositif orthopedique, 
une prothese, un implant, ou un remplacement, ou 
une partie de celui-ci ou une partie d'un quelconque 

de ceux-ci. 

10 

8. Dispositif suivant la revendication 1, dans lequel 
des materiaux actifs ou bioactifs differents sont pla- 
ces en differentes localisations sur une surface ou 
un cote de la structure, et sont mis en forme soit 
directement sur ou dans la structure, soit partielle- *5 
ment sur ou dans la structure en une localisation et 
partiellement sur la couche poreuse, en une autre 
localisation. 

9. Dispositif suivant la revendication 8, dans lequel un 20 
troisieme ou un different materiau actif ou bioactif 

est place sur ou dans un autre cote de la structure, 
dans lequel la couche poreuse est placee sur ledit 
troisieme ou ledit different materiau et est egale- 
ment positionnee sur un des materiaux actifs ou 25 
bioactifs sur ledit un cote de la structure, et dans 
lequel un autre materiau actif ou bioactif, par exem- 
ple, de I'heparine covalente, est lie a la surface ex- 
terne de la couche poreuse. 

30 

10. Dispositif (10) suivant Tune quelconque des reven- 
dications precedentes, dans lequel le(s) materiau 
(x) actif(s) ou bioactif(s) (18) est(sont) place(s) sur 
ladite partie de la surface externe de la structure 
(12) selon un motif geometrique ou selon un motif 35 
geometrique discontinu lorsque la structure est un 
extenseur, ou selon un motif de lignes paralleles 
mais pas sur les extremites de I'extenseur, ou est 
(sont) place(s) sur ou dans des parties adjacentes 

de la meme surface externe de la structure (12). 40 

11. Dispositif (10) suivant Tune quelconque des reven- 
dications precedentes, comprenant en outre un rac- 
cord (26) fixant la au moins une couche poreuse 
(20) sur le materiau de base (14) de la structure 45 
(12). 

12. Dispositif suivant la revendication 9, 10 ou 11, dans 
lequel la structure, par exemple un extenseur, est 
une surface recouverte d'une couche de revete- 50 
ment substantiellement non poreuse presentant 
une epaisseur d'environ 50 000 A a environ 500 000 

A, dans lequel la couche de revetement comprend 
un polymere selectionne parmi du polyamide, un 
polymere derive du parylene ou des derives de ce- 55 
lui-ci, des poly(oxydes d'alkylene) des polyalkyle- 
neglycols, des polymeres a base de silicium, des 
polymeres derives du methane, du tetrafluoroethy- 



lene, du tetramethyldisiloxane, ou des polymeres 
derives de monomeres photopolymerisables ou 
des melanges de polymeres de ce type ou des co- 
polymers de ceux-ci. 

13. Dispositif suivant la revendication 8 ou 9, dans le- 
quel des couches multiples torment des surfaces 
de I'extenseur, des couches de ce type comprenant 
en alternance des couches poreuses et au moins 
une couche de materiau bioactif et dans lequel dif- 
ferents materiaux bioactifs sont places sur les dif- 
ferentes surfaces de la structure d'extenseur a con- 
dition que ie meme materiau bioactif ne soit pas pla- 
ce sur les differentes surfaces de la structure d'ex- 
tenseur dans la meme couche et qu'une couche po- 
reuse soit placee sur chaque couche de materiau 
bioactif et la couche la plus externe peut com pren- 
dre soit une couche poreuse soit une couche de 
materiau bioactif. 

14. Procede de fabrication du dispositif suivant Tune 
quelconque des revendications precedentes, dans 
lequel la couche de materiau actif ou bioactif (18) 
est placee par un procede de depot en phase va- 
peur, un depot par plasma, une liaison chimique a 
la surface du dispositif, en utilisant des tensioactifs 
comme milieu d'adherence, une electrodeposition 
ou des combinaisons de ceux-ci. 

15. Procede suivant la revendication 14, dans lequel la 
couche de materiau actif ou bioactif (18) est appli- 
quee par depot en phase vapeur, depot par plasma 
ou par liaison chimique a la structure du substrat 
(12) et le materiau bioactif (18) est sous la forme 
d'une poudre, de particules microencapsulees ou 
d'un materiau incorpore dans une matrice. 

16. Procede de fabrication du dispositif suivant Tune 
quelconque des revendications 1 a 13, dans lequel 
au moins une couche poreuse (20) est mise en for- 
me par sublimation et craquage de di-p-xylylene ou 
d'un derive de celui-ci pour donner du p-xylylene 
monomere ou un derive de celui-ci et permettre au 
monomere ainsi forme de se condenser et de poly- 
meriser simultanement sur la couche de materiau 
bioactif (18), I'etape de sublimation et de craquage 
etant realisee par exemple avec du dichloro-di-p- 
xylylene. 

17. Procede suivant la revendication 16, dans lequel 
I'etape de depot de la au moins une couche (18) 
d'un materiau bioactif est realisee en appliquant sur 
la structure (12) un melange du materiau bioactif et 
d'un fluide, et en eiiminant le fluide avant I'etape de 
depot de la au moins une couche poreuse (20). 

18. Dispositif suivant la revendication 17, dans lequel 
le fluide est volatil, et I'etape d'elimination du fluide 
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est r6alis6e en laissant le fluide s'Svaporer de la 
structure (12) et du materiau bioactif avant l'6tape 
de depot de la au moins une couche poreuse (20). 

19. Dispositif suivant Tune quelconque des revendica- 5 
tions 1 a 13, dans lequel le materiau de base com- 
prend des ouvertures dans la surface externe du 
materiau de base et le(s) materiau(x) actif(s) ou 
bioactif(s) est(sont) positionnes dans les ouvertu- 
res, lesdites ouvertures etant sous la forme de io 
trous, de fentes, de sillons, de puits ou autres, par 
exemple, presentant des formes en section atta- 
qu6es chimjquement ou embouties selon un demi- 
cercle, une lettre V ou un carre tronque, des mate- 
riaux bioactifs identiques ou differents etant conte- ^5 
nus dans les trous, sillons, fentes ou puits. 
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Fig. 3 
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FIG.6B 
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